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Points of view 


THE ENGINEER engaged in civil telecommunication is usually conser- 
vative and may on occasion be reluctant to accept new concepts readily. 
This conservatism is frequently conditioned by investment in existing 
plant and the fact that international communication calls for standardi- 
zation both in the constants and operational use of systems. It is rein- 
forced by the excessive optimism often expressed by the advocates of 
new systems (typified for example by the advent of tropospheric 
scatter, where scepticism is only now being dispersed as our knowledge 
increases and the engineering compromises become clearer). 
Nevertheless, conservatism can lead to unjustified scepticism in the 
face of potential change. One such proposal is concerned with com- 
munication via satellites. This is such a revolutionary concept that even 
the broader-minded engineers could justifiably be dubious. Nevertheless, 
it is a concept which should not be ignored, as an analysis by the well- 
known Bell engineers, Pierce and Kompfner, shows. Substantial obstacles 
remain to be overcome, but it is possible that this form of transmission 
will be regularly used in the foreseeable future, and communications 
engineers engaged in designing or operating point to point systems can- 
not ignore the possibilities. While it is true that long-distance repeatered 
submarine cables will provide increased capacity over international 
trunk routes, this is unlikely to be sufficient. Cable capacity will remain 
the limiting factor. As the potential volume of traffic on certain routes 
is in excess of any known system, communication via a satellite may 
well offer a solution to this problem, particularly on heavily loaded 
routes such as those between Europe and the U.S.A. 











POINTS OF VIEW 3 

Twenty-four satellites in polar orbits would be required in order to 
give a reliable service for 99% of the time. The orbital time for each 
satellite would be about three hours. Such a system might well have a 
modulation bandwidth of 5 Mc/s and could provide massive additional 
capacity across the North Atlantic. It would not obviate the need for the 
continued expansion of submarine cable facilities as there will always 
be need for secure communications but in peacetime a satellite system 
could give that additional traffic capacity which is so desirable. 

The system could be substantially improved if active satellites could 
be used and who is to say that this is not feasible. There are equally 
intriguing prospects ahead in the use of satellites on a 24-hour equatorial 
orbit used as active repeaters. Here the satellites which would be at a 
much greater distance would need to be stabilized and to carry relatively 
high power transmitters with directional aerials; an objective which is 
unlikely to be attained in the near future. 

Naturally there are many problems to be solved but the phenomenal 
progress on satellites in the past few years is in itself a pointer to the 
future. A.W.C. 





Errors in Radiotelegraphy 
J. A. SMALE, C.B.E, A.F.C, B.Sc, M.I.E.E, F.I.R.E 


Various articles on telegraphy in Point to Point Telecommunica- 
tions, particularly that by E. G. Copper, in the February 1959 
issue, discussing some aspects of the use of automatic error cor- 
recting systems, have given rise to correspondence. It was felt, 
therefore, that an authoritative article on the history of the de- 
velopment of automatic telegraphy on radio systems would be of 
interest, and J. A. Smale, as a well-known authority on this sub- 
ject, was invited to review this field. 


1 INTRODUCTION 

IT IS OFTEN assumed, with considerable justification, that errors were 
introduced into telegraphy by the advent of radio. Certainly, atmos- 
pherics (static), dropouts due to fading, and distortion due to variable 
multi-path transmissions have complicated the problem of providing 
adequate accuracy, and have tended to obscure the errors made by 
operators and those caused by equipment failures. Nevertheless, the 
problem existed on landline and submarine cable telegraphy, due to 
signal distortion and interference of one sort or another and, with the 
introduction of higher speeds and mechanization, resulted in the de- 
velopment of various schemes of signal selection and regeneration. The 
final responsibility for accuracy resided in the skilled operator and the 
human faculty for detecting errors, although the human frailty of guess- 
ing sometimes resulted in the inaccurate correction of errors. With the 
increase in error-rate on radio-telegraph circuits, the burden on the 
operator became a heavy one. Albeit, this bred a particular skill, but with 
the establishment of a world-wide radio network, the high cost of suit- 
ably skilled operators gave impetus to mechanization and the adoption 
of printing telegraphs, already common in line telegraphy. 

The early radio circuits employed Morse Code signalling, dating from 
1835, which could be read at slow speed and at least checked manually 
at high speed. Mechanization was possible to some extent by the adop- 
tion of the high speed Wheatstone system using Morse perforators and 
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printers but the liability to errors, due to atmospherics on long-wave 
signals and later to fading and interference in addition on short-wave 
signals, was even greater than when using undulator or recorder signals 
transcribed manually; the system was therefore still expensive in terms 
of skilled operators capable of checking the Wheatstone signals and per- 
forated tape. 

The alternative system of printing telegraphy in use on wire circuits 
employed the Baudot or Murray code from which was developed the 
5-unit start-stop teleprinter using the International Alphabet No. 2. This 
is a code having the same length of signal for each character and using 
all of the 32 possible permutations of five elements. The Baudot code 
dates from 1874 and the real growth in the use of the 5-unit teleprinter 
dates from 1926 when the code alphabet was standardized by inter- 
national agreement. (The alternative proposal at that time was a 6-unit 
code, giving 64 possible permutations, and it is perhaps a pity, having 
regard to availability of characters and the need for error detection, that 
the 5-unit code was adopted on the score of maximum traffic speed for 
a given signalling speed.) 

The first really successful teleprinter was brought to the United King- 
dom by Donald Murray in about 1922; it was the Morkrum No. 11 Tele- 
type, working at zo bauds, and the first pair of machines was used on 
a private wire circuit in London between the Marconi radio control office 
in the City and the branch telegraph office at Marconi House in the 
Strand. 

Murray had already been interested in mechanized telegraphy for 
many years and, in a pamphlet published in 1915 entitled ‘Press-the- 
Button Telegraphy’, forecast very closely the present world-wide net- 
work of s-unit printers, public and private subscriber teleprinter 
systems. Under the name ‘Autoplex’ he proposed a synchronous auto- 
matic-multiplex system, and in adopting this name for the present series 
of automatic ARQ equipment, the Marconi Company is happy to honour 
the memory of a great pioneer of printing telegraphs. 

Attempts to use the s-unit start-stop teleprinter on radio circuits date 
back to about 1923, when test transmissions were made from London to 
Berlin from the Marconi long-wave transmitter, GLO, at Ongar. The 








6 POINT TO POINT TELECOMMUNICATIONS - FEBRUARY 1960 


early experiments using this teleprinter produced some interesting re- 
sults. Unlike the Morse code, the s-unit code provides only 32 possible 
permutations, all of which are allocated to meaningful characters and 
this lack of redundancy, in relation to the signal-noise ratios frequently 
encountered in practice, resulted in the printing of good-looking charac- 
ters which were wrong, that is, in undetectable errors, particularly in 
code traffic. Such an additional liability to errors was quickly recognized 
as a menace to the telegraph system, capable of putting clients to con- 
siderable inconvenience and expense and this, coupled with the inability 
of the operator to check the signals on a recorder undoubtedly created a 
serious prejudice against the system. However, the advantages of the 
teleprinter as a standard machine gave impetus to the search for a solu- 
tion; firstly by improving the quality of the radio circuit by raising the 
signal-noise ratio of the received signal; secondly by making the appara- 
tus less susceptible to errors, and thirdly by refining the process of cor- 
recting errors by making it automatic. 

By the outbreak of the Second World War, the 5-unit start-stop tele- 
printer was in widespread use on wire circuits. The availability of a 
standard equipment coupled with a shortage of trained radio operators 
at a time when traffic was increasing rapidly, led to something of a land- 
slide towards the use of teleprinters on radio circuits. Furthermore, the 
possibility of integrating inland and overseas circuits greatly favoured 
the adoption of a readily available machine, for which automatic switch- 
ing systems were already in common use. 


2 IMPROVEMENT IN THE RADIO CIRCUIT 
The improvement in quality of the radio circuit is really another story, 
but there are a few historical facts associating frequency shift or 2-tone 
signalling with the introduction of teleprinter working. 

Prior to the introduction of short-wave working there was not much 
that could be done to reduce further the effects of atmospherics on long- 
wave signals. But in 1924, when early experiments were being carried 
out with teleprinters, the first effort, as far as the writer is aware, was 


made to employ frequency-shift signalling using the Ongar long-wave 
transmitter. 
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In 1933, Bakker and Van Duuren, of the Netherlands P.T.T proposed 
to detect mutilation of signals by using one frequency for mark and 
another for space. At the same time they made the first mention of ARQ, 
that is the automatic request for the repetition of a signal that had failed 
and the automatic transmission of the repetition. 

In 1936, Cable & Wireless engineers proposed a 2-tone system called 
Double Frequency Keying, whereby ‘extras’ (due to atmospherics) and 
‘drop-outs’ (due to fades) resulted in failures of the same sign, so that a 
system based on comparison could cater for both types of failure simul- 
taneously. 

The Second World War saw a rapid development of the frequency- 
shift signalling system. The improvement was particularly beneficial on 
circuits using low-power and elementary aerials and this improvement 
was considered by many organizations throughout the world sufficient 
to justify the use of ‘unprotected’ 5-unit code and teleprinters. ‘Radio- 
teletype’ and frequency-shift operation became almost synonymous. 
However, some organizations, using higher power and directional 
aerials, and already mechanized but using other systems of regeneration 
and direct printing, were less attracted by a change in the form of mech- 
anization unless it were accompanied by error detection and correction, 
that is by the use of a ‘protected’ code. 


3 IMPROVEMENT IN TELEGRAPH TECHNIQUE 
The story of the reduction in susceptibility to errors of the telegraph 
apparatus and the development of automatic means for doing this can 
be combined with a brief description of some of the methods employed 
since 1919, leading up to the present ARQ system already described in 
this journal. 

In the first transatlantic radio-telegraph circuit between Clifden 
in Ireland, and Glace Bay in Novia Scotia, which in 1919 was still 
operating mainly on a simplex basis, the receiving operator pressed his 
transmitting key if a word needed repeating, and under bad conditions 
every word was repeated until he pressed his key to indicate satisfactory 
reception. High speed Wheatstone transmission, when possible, was re- 
ceived on a wax cylinder which was subsequently slowed down for aural 
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transcription. Even at speeds of 60 wpm the receiving operator was able 
to assess the quality of reception and, by pressing his key, initiated repeti- 
tions to prevent too many errors piling up at the receiving end. 

By 1924, a form of diversity reception was in use, by which the opera- 
tor listened to an audio signal and also had unobstructed view of the 
writing point of an undulator recording the same signal (an alternative 
method used a double-pen undulator recording the same signal from 
two different receiving stations). Operators were capable of typewriter 
reception at a speed of 40 wpm by this method, under conditions which 
made aural or undulator reception alone impossible. 

About the same time, the French Administration was using the Baudot 
synchronous 5-unit system on radio circuits. Verdan proposed a method 
by which each character was repeated after a short interval of time. The 
first reception was stored and automatically compared with the second 
reception; if they differed, the printer accepted only those marking 
elements which appeared in both. In this way spurious marks caused by 
atmospherics were largely eliminated. This was the system later used 
in conjunction with the Cable & Wireless double-frequency keying ex- 
periments in 1936, enabling simultaneous correction of failures due to 
‘extras’ and ‘drop-outs’. 

In 1926, when the first short-wave Beam came into use with generally 
much higher speeds of working, reception of Morse signals on undulators 
was common practice. During adverse conditions, the circuit resorted to 
‘slips twice’, the Wheatstone tape of each message or batch of messages 
being transmitted a second time. The undulator tape of the two recep- 
tions were either pasted down on sheets in the correct relation or the 
two tapes were drawn across a typewriter in front of the transcribing 
operator. Creed reperforators and printers were sometimes used but the 
handling of errors still required the services of a skilled operator and the 
production of clean message copies was not too satisfactory. Further- 
more, the speeds often attained on short-wave Beam circuits were too 
high for the wholly satisfactory operation of the reperforators. 

In 1928, with the merger of the British cable and wireless services, a 
common method of operating the two media, using the regenerator and 
direct printing techniques of the cable system, was introduced. Double 
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Current Cable Code, due to H. V. Higgett of Cable & Wireless, is a modi- 
fication of 3-position Morse cable code suitable for the 2-position signal- 
ling adopted on radio circuits. Two-channel time division multiplex, 
operating at aggregate speeds up to go bauds, was installed first on the 
London-Capetown Beam in 1930 and subsequently on many circuits in 
the Cable and Wireless system. This code employs space-mark for a dot, 
mark-space for a dash and space-space or mark-mark for a space in the 
Morse code. Consequently, as complete inversions are unlikely, there is 
a degree of error detection in the code. The Verdan system of automatic 
repetition and comparison was made available using the two channels of 
the multiplex signal, but as the Verdan system catered for errors of one 
sign only, the receiving equipment had to be set for either ‘extras’ or 
‘drop-outs’. 

In 1932, Siemens & Halske demonstrated a 4-channel time-division 
multiplex on which the Verdan principle was used when necessary to 
transmit one, two or three repetitions with subsequent comparisons. 
The system was used on a long-wave circuit between Berlin and Moscow. 

Also in 1932, the Radio Corporation of America introduced the 5-unit 
teleprinter on the San Francisco-Honolulu circuit. This experience led 
J. B. Moore, in 1934, to propose the ‘constant ratio’ code. Redundancy, 
which is lacking in the s-unit code, can be increased to any desired extent 
by using more than five elements for each character so that there are 
more permutations than characters. Moore in fact proposed a code of 7 
or 8 elements. With a 7-unit code, coupled with the imposition of a 
pattern such that every character used must have three spacing elements 
and four marking elements, there are 35 valid permutations. Errors in 
reception can be detected by a simple counting device except in the case 
of certain multiple inversions, that is, a mark changed to a space and a 
space changed to a mark in the same character, a comparatively rare 
occurrence. Detected errors can then be dealt with by a request for 
repetition. Moore subsequently wrote that this proposal was made while 
he was a member of the Riverhead laboratory group working on the 
development and design, not of printer systems, but rather of radio 
receiving systems. He said: ‘Since we could not seem to make the radio 
system good enough to handle the 5-unit code, it occurred to me that 
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the thing to do would be to make a printer system that could be operated 
over the short-wave radio circuits then available to us.’ It seems that 
frequency-shift operation was not considered. 

In 1933, Bakker and Van Duuren, when proposing to detect errors by 
a 2-frequency signalling system, made the first proposal for automatic 
request for repetition. In these two basic inventions we have the funda- 
mentals of the present ARQ systems. 

In 1936, the Radio Corporation of America carried out tests of a 7-unit 
multiplex system, incorporating the Moore code, on the New York- 
San Francisco circuit. It was put into commercial use on that circuit in 
1939 and shortly afterwards on the New York-London circuit. Entirely 
new 7-unit perforators, transmitters and printers were used and the 
system therefore had the disadvantage, perhaps only subsequently 
realized, of non-standard telegraph apparatus. 

In 1938, Van Duuren described a system combining ARQ with an 
error detecting code of the ‘constant ratio’ type. The desirable, if not 
essential, feature of employing standard 54-unit teleprinter equipment 
was already apparent and Van Duuren who, in the period following the 
Second World War has become the acknowledged leader in this field of 
development, first proposed a 7-unit code designed to facilitate the auto- 
matic conversion from and to the s-unit code on the basis of certain 
‘rules’ of conversion (the mere addition of two units to the 5-unit code 
is not admissible as this does not produce a constant ratio). 

By 1947, the Van Duuren ARQ system was in commercial use between 
New York and Amsterdam and between Amsterdam and Berne. At this 
time, also, R. G. Griffith, now with the Canadian Overseas Telecom- 
munications Corporation, produced what amounted to a r1o-unit code 
system in which each element of the 5-unit code was converted to two 
signal elements, mark-space for a marking unit and space-mark for a 
spacing unit, an arrangement similar to that used in the Higgitt Double 
Current Cable Code. The Verdan system of character repetition and 
comparison was also incorporated. 

Other types of 5-unit to 7-unit convertors were proposed in 1946 by 
Van Duuren, in 1947 by Higgett, in 1951 by Cook of the British Post 
Office, and in 1953 by Wheeler and Fyfield, also of the British Post Office. 
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These proposals aimed at having the smallest number of exceptions to 


t the ‘rules’ necessary for automatic conversion. 

Saunders and Warburton of Cable & Wireless proposed a wholly 
y mechanical means of converting 5-unit to 7-unit and vice versa, which 
c did not need to conform to any rules. This system, which is in use on a 


, number of circuits in the British Commonwealth network, has the ad- 
vantage of simplicity and compactness, but it is not compatible with 


t the electronic and electro-magnetic systems now more generally in use. 
- In 1956, the International Radio Consultative Committee at Warsaw 
n recommended the standardization of the Van Duuren error detecting 
y code and of certain other features of his ARQ system. The Autoplex 
e system already described in this journal conforms to these standards. 

y 


4 CONCLUSIONS 





n And so, 25 years after the basic proposals of Van Duuren and Moore, we 
t might parallel the opening sentence of this article and say with con- 
tc siderable justification that the liability of telegraph circuits using radio 
‘ to errors is now well under control. 

) 
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J. A. SMALE joined the Marconi Company in 
1919. In 1921 he was responsible for the 
installation in the City of London of the first 
n central telegraph office for wireless circuits. 
He transferred to Cable and Wireless in 
IS 1929 and was appointed Engineer-in-Chief in 
a 1948, when he assumed responsibility for 
155000 miles of submarine cable and some 
130 radio circuits. Before the onset of World 
War II he organized a system of world-wide 
emergency wireless circuits which later 
proved to be invaluable to the Allies. He was 
also responsible for the development of the 
system of wireless relay stations as a means 
of overcoming much of the effects of fading 
; and atmospheric interference on_ long- 
y / distance wireless routes. communications system. On his retirement 
t ; Mr Smale, one of the authorities on world from Cable and Wireless in 1957 he rejoined 

i communications, has been largely responsible Marconi’s as Technical Consultant on Tele- 
for providing the British Commonwealth communications Engineering. 
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Travelling Wave Tubes 
for Microwave 
Communications Networks 


R. B. COULSON, B.Sc, B.E* 


The Travelling Wave Tube, invented during the last war by 
Kompfner, has been applied chiefly to civil communication 
equipments, where its broad bandwidth and high gain charac- 
teristics make possible the simultaneous transmission of several 
hundred telephone channels or a television signal. 

After a brief description of the principles of operation, this 
article discusses the characteristics of TWTs of the types used 
in microwave communications systems. 


1 INTRODUCTION 

THE TRAVELLING wave tube is a microwave amplifier characterized 
by an inherently broad bandwidth and relatively high gain. It was in- 
vented in England during the war, but the pressure of other work, 
notably on klystrons and magnetrons for radar purposes, prevented its 
full development and exploitation. Even now, its application to military 
equipment are relatively few, and it is chiefly in the realm of civil com- 
munications that the travelling wave amplifier is coming into its own. 

The steady increase in usable frequencies which has taken place since 
the war has permitted the design of multi-channel radio equipment 
capable of carrying increasing numbers of telephone channels. With the 
exploitation of the microwave frequency bands, several hundreds of 
telephone channels or a television signal may be carried. Such systems 
inevitably occupy very large bandwidths, and thus provide a natural 
application for travelling wave tube amplifiers. 


* English Electric Valve Co. Ltd. 
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The ability of a travelling wave tube to amplify effectively at UHF 
frequencies permits a radical simplification in communication equip- 
ments. Unlike other microwave devices, travelling wave tubes are large, 
thus calling for relatively less exacting dimensional tolerances and per- 
mitting the necessary emitting and power dissipating electrodes to be 
designed capable of giving very long lives. The reduction in the number 
of amplifying stages which are necessary can bring about a great increase 
in the overall system reliability, with consequent reduction in costs due 
to traffic breakdowns and attendant maintenance costs. 


2 PRINCIPLES OF OPERATION 
Basically a travelling wave tube consists of two electrical circuits: 
(1) ashort length of waveguide having a low phase velocity, and 
(2) an electron beam passing down the centre of the waveguide. 

The simplest waveguide with the required characteristic was used by 
Kompfner in his first experiments at the British Admiralty Signals Re- 
search Establishment, and has not yet been supplanted. This is a single 
wire wound in the form of a long helix supported inside a glass envelope. 
An electron beam is derived from a cathode situated one end. Accelerat- 
ing voltages and focusing fields are arranged to produce a suitable beam 
of electrons which flows from the cathode down the centre of the helix 
and impinges upon the collector located at the opposite end. 

Provided the proportions of the helix have been correctly chosen, a 
microwave signal can be coupled, either capacitatively or inductively, 
to the cathode end of the helix, and will propagate with only small ohmic 
losses to the other end. By similar coupling means, the signal is fed out 
of the helix and into the next stage of the amplifying equipment. If, 
during the passage of the signal along the helix, the electron beam is also 
flowing with the same velocity, there will be a transfer of energy from 
the electron beam to the helix, so that the signal is amplified considerably 
by the time it reaches the end. 

Fig.1 shows a travelling wave amplifier in schematic form. The pattern 
of arrows indicates the instantaneous distribution of the electric field of 
an electromagnetic wave travelling along the helix. At points corres- 
ponding to one half wave length (measured on the helix) the direction 
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Fig.1. Schematic diagram of a TWT showing mechanism of beam bunching 
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of the arrows reverses. This field pattern progresses with a phase velocity 
depending on the diameter and pitch of the helix. If the electrons in the 
beam are moving with the same velocity, it can be seen that some elec- 
trons are in an electric field which tends to oppose their motion, while 
others are in the opposite condition. Therefore, as the electron beam and 
the electromagnetic field move along together, bunching occurs as the 
faster electrons overtake slower electrons ahead of them. In other words 
a form of electrical energy is impressed on the electron beam and for 
this reason the beam may be considered an electrical circuit. A reciprocal 
condition also applies, the bunched electron beam inducing RF currents 
or modifying existing RF currents in the helix. In this way, the energy 
level of the wave along the helix is increased at the expense of the mean 
kinetic energy of the electrons in the beam. The electron velocity at the 


collector is thus lower than at the point of entry into the helix.’ 











Fig.2. Typical power output travelling wave tube for the 2000 Mc/s band 
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Fig.2 shows a typical power output travelling wave tube such as is 
used in the output stage of a 2000 Mc/s band microwave equipment. It 
is manufactured to the following dimensions: 


Helix inside diameter 0-177” 

Helix wire diameter 0-024” 

Helix pitch diameter 18 turns per inch 
Effective helix length 12” 

Cathode diameter 0-394” 

Final beam diameter 0-125” 


It can be seen from these dimensions that the focus of the electron 
beam must be well maintained if interception of the beam by the helix 
is to be kept at a tolerably low level. The focus is maintained by means 
of a solenoid giving a longitudinal magnetic field of approximately 350 
oersteds. 

A travelling wave tube of this kind has an output of between 10 and 
15 watts and an efficiency of approximately 20%. It has an overall gain 
of some 25 dB. Input and output coupling to the travelling wave tube is 
by means of waveguide. A typical mount is shown in Fig.3 overleaf. 


3 TRAVELLING WAVE TUBE CHARACTERISTICS 
The three most important characteristics of a travelling wave tube are 
the high gain that can be obtained, the wide bandwidth over which this 
gain is maintained and the inherent simplicity and robustness of the 
device. 

Theoretically there is no upper limit to the gain for which a TWT can 
be designed. The gain in decibels is linearly proportional to the helix 
length, and therefore the ultimate limit would seem to be largely a 
matter of mechanics. 

Repeaters in a typical microwave system are separated by distances 
of 30 to 35 miles which, taking into account the customary antenna 
gains, calls for an amplification of the order of 80 to 90 dB under median 
conditions, with a further gain margin of some 30 GB to allow for fading. 
It would be attractive to construct a travelling wave tube capable of this 
degree of amplification in a single stage, but unfortunately this is not at 
present practicable. The most fundamental difficulty arises from the 
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RIGHT: Fig.4. Typical 4000Mc/s band all-travelling 
wave tube repeater 
BELOW: Fig.3. A 2000Mc/s band travelling wave tube 
mount, showing waveguide/coaxial input and output 
coupling devices 
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fact that it is not possible to design a tube which combines a low noise 
factor with high power output. Output power tubes have a noise factor 
which may be as high as 30dB, whereas the associated receiver noise 
factor must be less than 1odB. 

To avoid saturation at normal input signal levels, it is necessary to 
restrict the gain of the low noise input travelling wave tube. Because of 
these two factors it is not possible at present to design a microwave re- 
peater, all the amplification in which is provided at RF, using less than 
three tubes. This would comprise low noise and power output tubes and 
an intermediate tube which possesses certain of the qualities of each 
type. The necessary frequency change at the repeater can be achieved by 
modulating the helix of one of the tubes at the difference frequency, 
and selecting the desired output frequency by means of filters. 

Apart from these considerations it becomes increasingly difficult to 
avoid self-oscillations in a tube with a gain of more than 35 dB. Some- 
times such oscillations are at very low power levels and extremely diffi- 
cult to detect by normal methods. With a very high gain tube in a multi- 
channel telephone application there would be a great risk of spurious 
low level oscillatory power being impressed on the amplified signal, 
giving rise to cross-talk and noise modulation. 

It will be noted in the above discussion, that nowhere has there been 
mention of a tuned circuit. From what has been said, it would appear 
that the amplifying properties of a travelling wave tube do not depend 
directly on the frequency of the signal. This is not the case, however, 
since for any helix and beam, the degree of coupling between the two 
circuits does depend on frequency, but not nearly to the same extent as 
in, say, a klystron or a triode with grid and anode tuned circuits. The 
chief frequency limitation is, in fact, the bandwidth of the coupling 
means between the external wave guides and the ends of the helix. 
This, to some extent, is determined by the amount of time one is pre- 
pared to spend on the problem and by one’s definition of bandwidth. If 
the voltage standing wave ratio is required to remain below 1-5 to 1, the 
bandwidth is typically 10% to 15% of the centre frequency. If a VSWR 
of 1-1 to 1 is required, 1% to 2% is a more realistic figure, and is the 
bandwidth used in high quality multichannel telephone relay systems. 
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A typical 2000 Mc/s installation showing 
microwave equipment and carrier bays, at Montijo, Portugal 
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The significance of a microwave radio repeater requiring only three 
tubes to provide the total amplification will not have escaped notice. 
Such a repeater, an example of which is shown in Fig.4, becomes the 
ultimate in simplicity and the most reliable. Since the difference in 
receive and transmit frequencies is of the order of 200 Mc/s only, this 
change can be achieved without resorting to microwave oscillators. The 
frequency stability of those which are required is of a secondary order 
since it is only a difference frequency which is being generated. 

While the application of TWT techniques is particularly attractive in 
the case of repeater equipment in microwave communications systems, 
as it enables all amplification to be carried out at radio frequency, never- 
theless there is advantage also in using these tubes at the terminal equip- 
ment. The power gain and high power output possessed by a TWT en- 
ables a transmitter to be designed which permits the use of low level 
mixers, thus easing considerably the design problems where high per- 
formance is involved. Similarly, the noise figure obtainable by the use of 
a low noise TWT is slightly though significantly better than that obtain- 
able by conventional crystal mixer techniques. 

Once a radio link is put into service as a public utility it is of para- 
mount importance that the service remains uninterrupted. Irrespective 
of system design, the greater the number of elements capable of failure 
the greater the probability of failure. If we consider the probability of 
survival of one active element after a certain time is P, then the proba- 
bility of survival in the same time of an equipment consisting of three 
such elements is P’. For ten elements the probability would be P”. For 
example, for P=o-7 for 10000 hours operation, then with three ele- 
ments (TWTs) P’=o0-343 whereas with ten elements (triodes) P”’= 
0-02824. This suggests that the optimum design of a repeater is one in 
which the number of elements is small and for which the probability of 
i survival, P, is the highest possible. 

A considerable amount of effort has been devoted to increasing the 
| life expectancy of travelling wave tubes. They are fundamentally more 
. reliable than other microwave devices because their relatively large 
‘ dimensions avoid excessively small manufacturing tolerances and also 
. permit the use of large emitting surfaces. That the life should be any 
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2000 Mc/s travelling wave equipment at Mendlesham, near Norwich 
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different from other kinds of lower frequency tube is due to the use of 
an electron beam which by reason of its length and high current density, 
gives rise to a long column of heavy positive ions which drift back to 
the cathode and tend to destroy the cathode material. In certain cases 
this problem can as yet only be met by the most careful manufacturing 
technique but in other cases, particularly for power tubes, a concave 
cathode can be used. This renders the problem less acute as the ions tend 
to collect in the middle of the electron beam where the beam potential 
is lowest and the cathode bombardment is therefore restricted to a small 
central area. Even though the active material may be completely de- 
stroyed in this region, the effect on the total electron emission is neg- 
ligible. This ion bombardment can be reduced by running the collector 
at a lower voltage than the helix; the ions then tend to drift to the col- 
lector. In certain more recent tubes, an ion trap is introduced by pro- 
viding a voltage ‘pump’ by maintaining the accelerating anode at a volt- 
age higher than the helix. By this and other means, lives well in excess of 
10000 hours are being obtained. 


4 SYSTEM MAINTENANCE 
Compared with equipments using other types of RF amplifiers, those 
embodying TWTs are remarkably simple to service. Because of its 
length, there is more chance of breakage and for this reason moderate 
care must be taken in handling. However, since no tuned circuits are 
involved, the procedure is quite straightforward, although some adjust- 
ment of the matching devices at input and output may be necessary, 
especially if a very low VSWR is required. 

Voltage and current adjustments are not excessively critical, and the 
first installation of a new tube can be done by maintenance personnel 
after a small amount of instruction, and by reference to simple monitor- 
ing devices. 

It will be appreciated that for maximum performance, most of the 
electron beam leaving the cathode should reach the collector without 
impinging on the helix or other electrodes. For a power tube such inter- 
cepted current may overheat part of the helix and in the case of an 
extremely mis-focused beam, localized melting of the helix may occur. 
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This could not happen in a low noise tube where the total beam power 
is very small, but the consequence of a high helix current may be a high 
noise factor. 

High helix current will occur if the energizing current in the electro- 
magnet is too low, or if the TWT is misaligned so that its axis does not 
lie along that of the electro-magnet. To prevent this latter circumstance, 
a travelling wave tube intended for relay equipment is fitted with 
machined mounting surfaces, adjusted in the factory for correct align- 
ment. The electro-magnet is provided with corresponding seating sur- 
faces so that when a tube is installed, no alignment procedure is neces- 
sary. Fig.s shows a set of three tubes designed for relay equipment 
working in the 4000 to 5000 Mc/s band. The large diameter of the base 
has been so fashioned to provide an accurate seating surface. A similar 
surface is provided at the collector end. 


5 CONCLUSIONS 
Almost twenty years has elapsed since the invention of the TWT, and 
their commercial application is today further advanced in Europe than 





Fig.5. 4000Mc/s band low noise, intermediate and power output travelling wave tubes. 
Note the machined seating surfaces at each end. 
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in the U.S.A. The vast amount spent on development work in the U.S.A 
has resulted in the production of some well-designed tubes but these 
have been produced primarily for military or laboratory applications. 
Installations incorporating TWT amplification are now under way in 
Italy, Portugal, Yugoslavia, Sweden, Norway and Australia as well as in 
the United Kingdom, and the application of this technique can therefore 
be said with truth to have progressed beyond the experimental stage. It 
is now generally appreciated that TWTs are ideally suited to link appli- 
cations and it is becoming increasingly recognized that particularly for 
trans-continental high performance systems, the TWT has no effective 
competitor as a highly reliable amplifier of microwave signals. 


Reference 
1 J. R. Pierce: ‘Travelling Wave Tubes’. Van Nostrand, 1950. 
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Aerial Supporting Structures 


P. J. WARD, A.M.LE.E* 


In many cases the decision as to whether to use a self-supporting 
tower or a stayed mast is obvious, but in others the choice may 
depend on a number of conflicting factors. This article reviews 
some of the basic considerations involved in the design and 
erection of aerial supporting structures and will therefore be of 
interest to many whose primary interest is in the communica- 
tions field. 


1 INTRODUCTION 

FROM THE DAYS when Marconi conducted his early experiments using 
kites to support long trailing wire aerials, the shape and form of aerials 
and supporting structures have varied with advances in radio know- 
ledge and technique. The endeavour has been to achieve some measure 
of standardization, particularly for well-established transmitting sys- 
tems, but it appears there will always be a wide variety of new systems 
and advances in existing ones, for which the form and arrangement of 
aerials and their supports must be evolved afresh. 


2 FORM OF SUPPORT 
The first problem in determining the most satisfactory aerial system is 
to decide, once the main aerial characteristics have been established, 
whether to use a self-supporting structure (a tower) or a stayed structure 
(a mast). The choice is usually self-evident from a knowledge of a par- 
ticular transmission system and the site limitations, but on occasion 
either may be possible. If the use of stays is not excluded by technical 
or space considerations, then a mast is likely to be the more attractive 


* British Insulated Callender’s Construction Co. Ltd. 
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proposition, particularly from the point of view of initial cost. Generally 
speaking, to meet the same structural specification, the saving in the 
cost of installing a mast rather than a tower increases with height and 
loading. Small, lightly loaded towers (for example, a 60 ft tower carry- 
ing small Yagi aerials) can be as cheap or even cheaper than masts. 

There are, of course, considerations in the shape and strength of the 
structure which may have a special importance. Self-supporting towers 
are not regarded as efficient self-radiators due to their comparatively 
wide girth. On the other hand, where extreme torsional rigidity is re- 
quired, as for use with some UHF aerials, masts are not so effective as 
towers. 

The cost of maintenance varies considerably according to the height 
and size of structure and the corrosive nature of its environment. It can 
be taken, however, that a mast is usually more expensive to maintain, 
especially when heavy corrosion may require comparatively frequent 
renewal of stays. 


3 DESIGN CONSIDERATIONS 
As would be expected, the cost of a structure varies greatly according to 
its required strength. In drawing up specifications, radio engineers may 
sometimes attach too little importance to the basic conditions of loading 
they prescribe. The aerial system may represent a large part of the total 
cost of an installation and it is therefore important that radio and struc- 
tural engineers collaborate at an early stage, on occasions even before 
such factors as transmitter power are determined. 

The structural engineer’s main task is to effect a reasonable com- 
promise between cost and degree of security. The loading and stresses 
assumed in the design must be equated to the function and degree of 
importance of the structure; for an important mast on a national net- 
work it would be reasonable to err on the side of excessive security; for 
one where the consequences of failure would not be so great, a lower 
margin might be acceptable. 

The chief loading of a mast or tower is usually due to the effect of 
wind. The designer must consider, in order, the maximum wind velocity, 
the pressure arising from it and the effective area presented by the mast 
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and aerial structure to the wind. From this information the design of the 
structure can be made, but only after a decision has been taken as to the 
safety factor to be used in arriving at maximum permissible stresses. 


3.1 WIND VELOCITY 
Due to temperature and other effects, wind velocity increases with in- 
crease of height, certainly up to a height of 1 000 ft or so above ground. 
It has been found empirically that the velocity at height h may be deter- 
mined from the relationship: 

V,=V,h* 
where: V, is velocity at reference point near ground level. The exponen- 
tial « varies with the nature of terrain, but for level grassland a value of 
0-13 may be taken as typical. 

Despite considerable research, the wind forces that a particular struc- 
ture may have to resist are still largely a matter of conjecture. Wind 
seldom blows steadily for long but, especially at high average velocity, 
continually blusters and gusts. It has been represented that air flow 
over a wide front carries with it a large number of whirling currents of 
varying diameter and rotating about axes in all planes. This would pro- 
duce the effect of gusting as such a current moving across a structure 
would bring about a variation in velocity from minimum to maximum. 
There is little evidence as to the effect of short duration gusts on high 
structures of the type we are considering. It is, however, reasonable to 
assume that gusts which reach their peak in a very short time develop 
comparable stresses in the structure but that the rate of build up is slow 
enough to avoid impact loading. 

Although extremely high wind velocities, of the order of 200 mph, 
have been assessed during hurricanes, it is not economically justifiable to 
design for such conditions. Further, although peak gusts of 150 mph 
may have been recorded in the vicinity of the proposed site, it will be 
sensible to cater for such infrequent conditions by allowing a large re- 
duction in the safety factor chosen for the nominal maximum con- 
ditions. On this basis, it is considered that wind velocities at ground level 
varying between 60 and 120 mph, dependent on site location, would be 
adequate as a design basis for any part of the world. 
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3.2 WIND PRESSURE 
The relationship between wind velocity and pressure depends upon a 
number of variables and is derived from Newton’s Theory for Fluids. 
Modified to apply to air at zero temperature and normal barometric 
pressure, the formula becomes: 
P = -0027 CV’ 
Where 

P is pressure in |b/sq ft 

V is velocity in mph 

C is aconstant dependent upon the cross sectional shape of members, 

their aspect ratio, their surface condition and upon their proximity 
to other objects which may cause turbulence. 

Typical values for mast or tower structures are: 

C=1-66 for flat surfaces and 

C= 1-09 for round surfaces 
There is no simple way of assessing the wind drag of a structure built up 
of many members in close relation, and if this is to be assessed with any 
degree of accuracy wind tunnel tests on scale models must be made. If 
such a procedure were to be undertaken as a preliminary to every design, 
the cost would be prohibitive. Fortunately, some general empirical for- 
mulae have been evolved from wind tunnel tests of a general nature 
from which the effect of wind on structural frames and box girders can 
be calculated approximately. 

The effective pressure exerted on square or triangular lattice struc- 
tures may be expressed as a multiple of the pressure exerted on the 
projected area of one face, the area of bracings in side faces being 
ignored. With the structure found in most masts this multiplier, K, may 
be given the values shown in Table I. 


TABLE | 
MULTIPLIER TO BE USED IN ASSESSING EFFECTIVE 
SURFACE AREA OF MASTS AND TOWERS 
Face widths up to 25 ft IS 
Face widths up to 40 ft 1-75 
Face widths greater than 40 ft 2 
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4 ICE LOADING 
The principal design effect of ice loading on structural members is the 
greater wind-area, and therefore loading, so caused. The direct weight 
of ice, though not inconsiderable, represents only a small proportion of 
total loading. Research on this subject has failed to discover any reliable 
relationship between ice formation and other meteorological, or topo- 
graphical, data. Indeed, even if it were possible to predict accurately the 
extent of ice build-up, it would still remain to be decided with what wind 
pressure the ice-enlarged area should be associated. In only very few 
places is it likely that the assumed maximum wind velocity could co- 
exist with maximum ice deposit. Some compromise is clearly necessary 
and it is usual to design either for maximum wind with a small ice 
covering, or for full ice with reduced wind speed. General practice is to 
adopt the former and a radial ice thickness of half an inch is commonly 





Ice streamers on stays formed in cloud mist during 
moderate wind conditions in the United Kingdom in 1954 
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specified for large parts of the U.K, U.S.A, and Canada. Radial thick- 
nesses greater than 114” are seldom stipulated for even the iciest of 
territories, and it must be remembered that designs which allow for 
these uniform coatings will cover also the more natural formation of 
deposits in large chunks on some parts of a structure, and little, or noth- 
ing at all, on others. 


5 STRUCTURAL ANALYSIS 
5.1 TOWERS 
The design of steel lattice towers is relatively straightforward, and 
stress analysis follows well-established principles of static determina- 
tion. As most members must act both in tension and in compression 
according to the direction of wind loading, they are designed basically 
as struts, and in these, load carrying capacity reduces as length increases. 
To increase the efficiency of long struts, therefore, additional members 
are introduced to give them support and so limit their effective length ; 
such additional members are structurally redundant and bear no cal- 
culable stress. Fig.1 shows a number of different bracing systems used in 
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Fig.1. Bracing systems 


tower construction, and it will be observed that the geometrical pattern 
of stressed bracings, shown in heavy lines, is invariably simple, but that 
of redundant members shown in light lines, grows in complexity accord- 
ing to tower width. 
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Fig.2. An example of a tower design showing changes of slope throughout its height 
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The outline proportions of towers vary with height, the nature of 
loading, and limits for deflections in azimuth and elevation. For a small, 
lightly loaded tower with no restriction on deflection, a ratio of base 
width to height of 1:15 may be efficient, and legs may have constant 
slope throughout the height. For high towers, even lightly loaded ones, 
it is desirable on grounds of economy to change the slope of legs at inter- 
vals of height and the ratio of base width to height will range from 
1:8 to 1:5, according to height and loading (see Fig.2). Increased stiff- 
ness to resist both vertical and torsional deflection is achieved by ‘thick- 
ness’ in the body of a tower; that is to say, the legs do not ‘flare’ inward 
so rapidly from the base so that the tower has more substantial width 
throughout its height. 


5.2 MASTS 

The design of masts is more complicated. The mast central column, 
apart from carrying its own weight and the down-thrust from stays, has 
also to act as a continuous beam, loaded laterally by the wind, held at 
intervals by yielding stay supports. Mainly to ease calculations, it is 
usual to arrange that under the two extreme conditions of loading, still 
air and maximum wind, stay points on the mast are collinear and stay 
tensions applied during erection are ‘tuned’ to achieve this with a limit- 
ing deflection at mast head of -75% to 1% of mast height. Under other 
conditions of loading, stay supporting points do not lie on a straight line 
and the bending moments caused by displacement from it have to be 
taken into account. 

The function of stays is to give support to a mast at their points of 
attachment. But, more precisely, each set of stays, under load, has to 
provide just the right amount of horizontal force to satisfy the bending 
moment distribution in the mast. For this purpose the load-deflection 
characteristics of stays and mast have to be perfectly matched, a pro- 
cedure made specially difficult by the ‘catenary’ effect in stays loaded 
laterally by wind and weight. 

When masts are used to carry directional aerials, control of torsional 
deflection is achieved by ‘splitting’ the stays to mast head, and some 
other points, and arranging a horizontal spread between points of 
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attachment on the mast. The spread is sometimes provided by frame- 
works built out from the mast. The effectiveness of this means of control 
diminishes with increase in mast height and greater length of stays. 
Deflections of 1° under maximum load are reasonably attainable for 
masts 10 ft high and 2° up to 250 ft; above this height torsional control 
becomes increasingly difficult to achieve. 

It is especially difficult to get a well-balanced design for high masts 
with large head-loading from suspended aerials. There are so many com- 
binations of aerial loading and wind loading in various directions on the 
mast and stays, that it is possible to proceed in design only by numerous 
trial-and-error selections of initial stay tension values. A particularly 
onerous condition is, oddly enough, when wind blows in the opposite 
direction to this aerial pull, and to relieve stresses under this loading an 
articulated joint is sometimes introduced into a mast at the first stay 
point down from the top. Design is made even more complicated when 
masts have to cater for aerial pulls being made in any horizontal direc- 
tion; and this requirement is often unnecessarily stipulated by radio en- 
gineers, even when it is obvious from the site orientation that an aerial 
must be suspended in a definite relation, in plan, to supporting stays. 
Masts 250 ft and less in height, and carrying head-loads of not more than 
two tons, do not justify the making of such a rigorous stress analysis and, 
for these, stays are tuned more tightly than for un-loaded masts and 
lower stresses are used in design. 

It will be evident that for a mast to behave substantially in the manner 
envisaged by its designer, careful attention has to be given to the ten- 
sions induced in stays during erection. Any departure from design values 
either initially or during the life of a structure will cause a change in 
stress in its various members and may prejudice its safety. 

The effect of changes in temperature on masts is not great. There is 
some differential expansion between mast and stays but not enough to 
induce appreciable stresses. In enclosed structures (such as monolithic 
tubular construction) there can be substantial distortion due to differen- 
tial expansion when one side is heated by the sun. This is not the case 
with open, lattice, structures where there is little shielding from the sun 
for any of the members. 
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6 STRESSES 
Specifications vary considerably in the unit stresses to be used in design. 
In the U.K, British Standard Specification No. 499 is the nearest standard, 
but this covers the use of structural steel in building and some of the de- 
tails are inappropriate for mast and tower construction. The following 
values of stresses for mild steel are given simply and unqualified; they 
should not be regarded as applying to all conditions of use. 


(1) Tension members 20000 Ib/sq in 
(2) Struts: > I50 15000—55 : Ib/sq in 
] ! (but not greater than 
2 —8 
r +o ee r 18000 Ib/sq in) 
(3) Bending: 22000 |b/sq in 
(4) Shear on Bolts: 13000 |b/sq in 
(5) Bearing on Bolts: 27000 |b/sq in 


The ratio is mentioned above in regard to struts, where | is length 
r 


of member between connections and r the radius of gyration of member 
section. These ratios must be limited according to the duty of the mem- 
ber as follows: 


Leg members: 120 
Load carrying bracings:  p180 
Redundant members : : 240 


The working load for stay ropes should be between a quarter and a 
third of the breaking strength, according to the construction of rope 
used and its termination. 


7 MATERIALS AND FABRICATION 

7-1 STRUCTURE 
Fabrication of steelwork for both masts and towers is nowadays largely 
carried out by mass-production methods with extremely close control 
on workmanship at every stage. Members of open rolled steel section 
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Hot dip galvanizing a welded light steel mast section 


and up to Y,” thick are cut to length by cropping or shearing, and holes 
are commonly formed by punching. In members of greater thickness 
holes are made by drilling, and cutting to length by cold sawing. Holes 
are usually drilled or punched 3/64” larger than bolt diameters but 
some of this clearance is taken up by galvanizing thickness. The placing 
of holes is made to a tolerance of 1/64” even over large spacings, and a 
similar tolerance applies to overall length of bars. 

The first stage in the fabrication of steel structures of this type is to 
draw them down in chalk to full scale on the template-loft floor. Wooden 
templates are then made from details taken from the floor and these 
contain all the information from which machine operators will cut 
and drill members, plates and fittings. To check the accuracy of tem- 
plates, trial assembly of fabricated steelwork is carried out. This is done 
‘in-the-black’ before galvanizing or other finishing so that minor 
amendments can be made if necessary. 
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The use of welding is generally increasing for all structural work, and 
no less so in mast and tower construction. For high masts, solid round 
steel legs are often used, for these provide a large cross-sectional area for 
strength with the least area presented to wind. Welded-on gusset plates 
and flanges permit connections between legs, and to bracings, to be 
made by bolting on site. A large number of smaller masts are constructed 
as completely welded box sections, size limitations being dictated solely 
by galvanizing and transport facilities. 


7-2 STAYS 
There are a variety of different constructions of steel wire stay ropes in 
common use. For small masts, seven ply strand of 45/60 tons/sq in 
tensile stress may give adequate strength, but for larger structures 
ropes made from steel wire of much higher stress, up to 120 tons/sq in 
are necessary in order to compact as much strength as possible into the 
least cross-sectional area. Ropes are laid-up with wires wound in helical 
formation. Under load, the wires bed down, one upon another, and pro- 
duce a relatively large amount of ‘inelastic stretch’. To reduce this un- 
desirable property, and to increase the modulus of elasticity, finished 
ropes are pre-stressed at the makers’ works to about a third of the break- 
ing load. Hemp cores, which provide the essential flexibility in running 
ropes, are never used in mast stays because of the enormous and irre- 
movable inelastic stretch they introduce. 


8 FOUNDATIONS 
Foundations are an integral part of a structure and can form a substan- 
tial proportion of the overall cost. For maximum efficiency, therefore, 
foundations and superstructure must be considered together. 

For towers, it is usual to resist uplift and thrust from leg members by 
independent concrete blocks, reinforced as necessary, and of such shape 
and dimensions that adequate area is presented to the ground beneath 
to give a safe bearing pressure, and also presenting an upper bearing 
area so that uplift is resisted by the weight of overlying earth. The 
weight of earth which such a footing tends to lift is that contained within 
a frustum having an angle to the vertical equal to the angle of friction 
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of the soil — between 20° and 30°. It will be appreciated that as loading 
from the wind may be applied in any direction, each leg foundation in a 
tower must be capable of resisting both uplift and thrust forces. 

An example will illustrate more clearly the action of this type of 
foundation, which is shown in Fig.3. Let the thrust be 44 000 Ib and the 
uplift be 38 ooo Ib (thrust is always greater than uplift because each leg 
carries its proportion of tower weight, and thrust is increased by it and 
uplift is reduced). 





Thrust 
Thrust area required with bearing pressure of 1 ton/sq ft* 
_ 44000 
2240 
= 19-67 sq ft. 


Therefore thrust pad must be 4’ 6” square, giving area of 20-3 sq ft. 
* see table II (p.38) 


Uplift 

If a square pad with length of side B is planted a depth D below 
ground, the frustum of earth it will tend to lift (assuming slope to 
the vertical equals 30° ) will have a volume: 





V=4pD'+BD+ = 
9 V3 
When B equals 4’ 6” and D equals 8’ 3”, V becomes: 
V=4x8.25' 44-58-2547 ~45* 8-25" 
9 V3 
= 771 cu ft. 
Taking weight of earth at 100 lb/cu ft resistance to uplift 
= 77100 lb. 
i 77 100 
This gives a safety factor of wooo 
= 2-03. 


This is satisfactory, as a safety factor of 2 is necessary. 
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Towers up to a height of 150 ft may have stub-angles buried in the 
concrete to which the superstructure is bolted. Above this height 
holding-down bolts are used in such a manner as to provide some degree 
of adjustment to levels to ensure true verticality of the erected structure. 






MEMBERS OF 
TEMPLATE 























AREA TO RESIST 
THRUST 


Fig.3. Uplift and thrust footing with stub setting template 


When stub-angles are used they are held in position during concreting 
operations by braced templates, which hold all the stubs in correct 
relation. Templates for holding down bolts are made so that the bolts in 
each leg are held independently, and correct alignment between tem- 
plates is checked by observations with surveyor’s instruments. 

Foundations for a stayed mast are usually of mass concrete block con- 
struction, the mast base being designed to take the weight of structure 
and down-thrust from stays, and anchorages to resist uplift and horizon- 
tal stay forces by weight of concrete and lateral earth pressure respec- 
tively. 

A rigorous ground exploration to provide data for the calculation of 
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foundations is economically justifiable only for important structures or 
in cases where there is serious doubt about the properties of the soil— 
as in made-up ground, peat, or marsh land. It is more usual to design on 
conservative values that cover most sites (for example, 1 ton/sq ft for 
safe bearing pressure and 500 |b/sq ft per foot of depth for lateral earth 
pressure). 

A rough indication of safe bearing pressures to be expected in various 
soils are given in Table II below. 


TABLE II 
Material Safe Bearing Pressure 
(tons/sq ft) 
Alluvial Soil 0-5 
Made-up Ground 0-5 
Soft Clay 1-0 
Dry or Sandy Clay 2-0 
Hard, Compact Clay 4-0 
Dry Sand 2-0 
Wet Sand 0-5 to 1-0 
Gravel 4 
Chalk 6 
Rock 10 to 20 


Masts are usually designed to have equality of staying angle in each 
direction of support, and to achieve this symmetry, adjustments have to 
be made to the spread of stays to compensate for site undulations. This 
naturally makes some stays in a group, to a common level, longer than 
others but, providing the differences are not unduly large, the design, 
which assumes equal stay lengths all round, is not materially affected. 
In selecting a site, a limiting average side slope between opposite stay 
anchors of 1 in 25 should be observed, for with greater differences in 
stay lengths special and elaborate design provisions are necessary. 
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9 ERECTION 

Erection of mast and tower structures are different from most others 
in that no external scaffolding is used, each successive lift in height being 
made from the construction already built. Erection plant comprises 
essentially a derrick controlled from a ground-mounted winch, which 
is held in position by lashing ropes connected to buried timber blocks. 

The derrick, for easy handling, is of light construction. Its base is made 
to be supported either on timber falsework or by steel wire rope pennants 
which, for towers of large girth, are made adjustable, so that the derrick 
may be ‘floated’ into a position within the structure where loads can be 
conveniently handled. The head of the derrick can be stayed either to 
anchor pickets, or to some part of the structure where a reasonable stay- 
ing angle can be obtained. Winches used for this work are usually of 
one or two ton capacity and have especially large barrels to accommo- 
date the unusually long hoisting rope or winch bond. 


LEFT: Fig.4. Precarious perches call for simple fixings 
RIGHT: Fig.s5. Stay tensioning rig 
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Whilst a member or sub-assembly is being hoisted, it is held away from 
the structure by a manilla ‘tail’ rope which is controlled on the ground 
by a team of men, tug-of-war fashion. An alternative method is to run 
the hoisted section on a sheave block along a guide rope tensioned be- 
tween ground and the uppermost part of the structure, but this is a 
slower process. 

Individual members are arranged to bolt together in the simplest 
manner, taking into account the precarious perches from which erectors 
must operate (see Fig.4). 

The need for care in tensioning stays to high masts has already been 
emphasized, but it is also necessary to exercise close control of stays 
during all operations in placing them in position. Stays to a common 
level are hoisted in turn, fixed to mast attachment details and left dang- 
ling. The lower ends are then pulled out together toward their respective 
anchorages to avoid out-of-balance loading on the mast. When stays 
have been connected at anchors, tensioning equipment is rigged, and by 
manipulation correct initial tensions are induced in all stays together. A 
typical tensioning rig is shown in Fig.5. Throughout all operations the 
mast should be under observation for verticality from two theodolite 
positions viewing in planes at right angles. 

It is not possible to give anything more than a general guide as to the 
erection period for masts and towers of different heights and weights. 
Commonsense will suggest that it can take longer to erect a small struc- 
ture on a mountain peak than a large one on an easily accessible and 
relatively unexposed site. Taking ideal conditions, however, for broad 
estimating purposes it may be taken that the time for tower erection 
varies as the square of tower height and that in the United Kingdom a 
1ooft tower takes two working days. In addition a level rate of one day 
for every five tons of tower weight should be allowed. Thus for a 4o0 ft 
tower weighing 50 tons, 42 working days should be allowed (excluding 
time for fitting ancillary equipment and for setting up the site establish- 
ment). 

Light duty steel lattice masts, delivered to site piecemeal can be 
erected at a rate of 40 ft a day for heights up to joo ft and 36 ft a day up 
to heights of 500 ft. Heavy duty masts up to 300 ft can be erected at the 
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$ rate of 23 ft a day and, for heights up to 800 ft, 18 ft a day. High winds 
5 cause a greater delay in the construction of masts than of towers, due 
to the need for fitting and tuning temporary stays as erection proceeds. 


i 10 PROTECTION AND MAINTENANCE 

Preservation against corrosion must surely be the first and most im- 
portant consideration in any structure exposed to the elements; and 
high ‘spidery’ masts and towers on isolated sites rate strongly for being 
the most difficult to treat. 


I0.I PROTECTIVE FINISHES 
Engineers are nowadays featuring protection against corrosion as an 
important consideration in their design and planning. The use of alumi- 
nium alloy in structures has on this account substantially increased, but, 
because of its high cost and the fact that it, too, is subject to severe attack 
in certain atmospheric conditions, steel, the traditional metal for en- 
gineering structures, remains in predominant use. 
Hot-dip galvanizing is without any doubt the best form of protection 
against corrosion for exposed structural steelwork. Steel members or 
} welded assemblies, after they have been fully fabricated, are cleaned by 
: immersion in pickling acid (which also removes mill scale) and then 
lowered into a large vat of molten zinc at a temperature of approxi- 
mately 460°C. The actual temperature of the vat, and the time of im- 
mersion, depends upon the size and section of the member, and although 
the process may appear simple there are important ingredients and skills 
involved which make this form of galvanizing an art. 

Galvanizing carried out by the hot-dip process has an onion skin struc- 
ture, and is in three layers. The outer layer is virtually pure zinc, the 
intermediate layer is an alloy of zinc and iron, the inner layer is an 
‘ amalgam of iron and zinc with a much larger iron content than the inter- 
F mediate layer. Although these zinc and alloy layers give long protection 
they do not last for ever, but deteriorate progressively with time, de- 
pending upon the degree of atmospheric pollution, humidity and 
climate. The life of galvanizing on steel sections ranges from four years 
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under severe conditions to thirty years in rural areas; on stays the life 
is less on account of the reduced thickness of zinc coating. 

Other protective coatings, such as sherardizing, cadmium plating, zinc 
spraying and a variety of other chemically and electrically applied sur- 
face deposits have their ‘place i in the battle against corrosion, but none 
is so effective as hot-dip galvanizing for exposed structural steelwork. 


10.2 MAINTENANCE OF THE STRUCTURE 

It cannot be too strongly emphasized that the period which elapses be- 
tween erection and the initial painting of a hot-dipped galvanized struc- 
ture should not be so long that zinc coatings completely disappear from 
any of the parts. Even a thin layer of remaining galvanizing forms an ex- 
cellent basis for the application of paint and, by permanently preventing 
under-rusting, it greatly prolongs the life of paint schemes. Once rusting 
of the steel has begun, it is practically impossible to remove all rust by 
wire brushing and scraping, and any paint scheme applied is certain to 
break down prematurely on this account. 

Assuming average conditions, a good philosophy would be to regard 
galvanizing as a means of extending periods between paint treatments. 
A galvanized structure should then be painted shortly after erection. It 
would not be repainted immediately the paint wears away from the 
most vulnerable places (nuts and bolts and draining edges of bars) but 
only when the general condition of the paintwork warrants it. 

Most paints do not readily adhere to newly-galvanized surfaces, and 
in the past it has been necessary to apply an etching solution to provide 
artificial ageing. The recent introduction of calcium plumbate which, as 
a primer, bonds efficiently to new galvanizing, has overcome this diffi- 
culty and is now in fairly widespread use. 

It is recommended that successive coats of paint in any scheme have 
a different and distinctive colour; this helps during maintenance inspec- 
tion to determine the extent of wear and what patching may be neces- 
sary before full coat application. (The frequency of treatment would be 
between three and seven years according to atmospheric pollution.) IIl- 
considered paint schemes, or ones that are badly applied, can lead to 
complete breakdown of the paint structure and great expense in further 
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treatment. Flame cleaning is often necessary in these cases and for small 
towers on isolated sites this can cost as much as the initial value of the 
structure. 


10.3 MAINTENANCE OF STAYS 

Painting of structural steelwork is not the only consideration in protec- 
tion against corrosion where masts are concerned; the stays also need 
treatment and periodic replacement. Stays to high or heavily loaded 
masts, generally not less than 34” in diameter, may be preserved by the 
repeated application of greases specially prepared for the purpose. 
Greasing every three years should, in average conditions, give a life to 
stays of about 30 years and this should be compared with an untreated 
life of 15 years. 

Stays to small masts, not large enough to carry the weight of a sus- 
pended cradle for greasing, cannot be treated by this means and, in posi- 
tions of severe corrosive attack, where the life of bare galvanized stays 
might be as little as two years, plastic covering may be used with advan- 
tage. Because of the risk of concealed corrosion beneath the covering, 
however, a definite and limited life should be prescribed—it is suggested 
not more than seven years. In really desperate circumstances it may be 
worthwhile considering stainless steel stays, especially for very small 
masts (they cost approximately six times as much as galvanized steel). 

The other aspect of structural maintenance which looms large is the 
periodic adjustment of stays. Mention has already been made of inelastic 
stretch in stay ropes, and the effect of this, in the gradual falling-off in 
stay tensions, is most pronounced during the early years after installa- 
tion. Tensions should be checked and adjusted at intervals of one year, 
two years and four years after erection and thereafter at three-yearly 
intervals. Theoretically, this work should be carried out in still air but 
as this seldom, if ever, obtains, a wind speed of 15 mph should be re- 
garded as the maximum; and even these relaxed weather conditions have 
to be awaited on site, sometimes for many days. Site delays on this 
account can make stay re-tensioning a costly exercise, and the work 
should be planned for the times of year when it is known to be least 
windy. 
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General maintenance inspection should be carried out every two or 
three years and the following observations made: 

(1) Check for verticality. 

(2) Examine foundation. 

(3) Examine structural members for distortion, corrosion, and tight- 
ness of bolts (this can be done by ‘ringing’ with a light hammer 
blow). 

(4) Inspect all ancillary fittings and equipment—ladders and platforms, 
aerial supporting steelwork, feeder and cable cleats, air navigation 
obstruction lighting, halyards, sheave blocks and maintenance gear. 
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Fur unsere deutschsprechenden Leser verdéffent- 
lichen wir eine kurze Abfassung in deutscher 
Sprache von den Aufsdtzen, die in dieser Ausgabe 
erscheinen. 


SEITE 4 
FEHLER IN DER DRAHTLOSEN TELEGRAPHIE 
Von J. A. Smale 


Manche Leute sind geneigt anzunehmen, dass mit 
der Einfiihrung des Radios auch Fehler in die 
Telegraphie gebracht wurden. Dieses Problem be- 
stand jedoch bereits bei oberirdischen Leitungen 
und Kabeln, besonders als die Ubertragungsge- 
schwindigkeit erhéht wurde, und fiihrte zur An- 
nahme verschiedener Arten von Zeichenauswahl 
und Zeichenregenerierung. Sowohl im Funkbetrieb 
als auch im Kabelbetrieb lag die Verantwortung 
fiir die Fehlerkorrektur letztlich beim Bedienungs- 
personal. Der Personalmangel und die hohen Kosten 
fiir Fachpersonal haben im Verlaufe der Jahre zu 
Versuchen in der Mechanisierung und Automa- 
tisierung der Sendung und des Empfanges im Tele- 
graphiebetrieb gefiihrt. 

Die ersten Funkverbindungen benutzten fast 
ausschliesslich den Morsekode als Nachrichten- 
mittel. Die Einfiihrung eines erfolgreichen Fern- 
schreibers, dem Mokrum No. 11 ‘Teletype’, im 
Jahre 1922 fiihrte im Jahre 1923 zu Versuchen den 
Fernschreiber auf der Verbindung London—Berlin 
unter Verwendung der Marconi Langwellensende- 
station GLO in Ongar zu benutzen. Der Fernschreib- 
betrieb benédtigt ein besseres Signal/Rausch- 
Verhaltnis als es damals méglich war und dies 
fiihrte, soweit dem Autor bekannt ist, zu den ersten 
Versuchen fiir die Benutzung der Frequenzumtas- 
tung. Die im Jahre 1926 erfolgte internationale 
Annahme des 5-Schritt Kodes ohne Sicherheits- 
faktor liess unkontrollierbare Zeichenfehler auf 
Funkstrecken aufkommen und war so unpopular, 
dass bis zum Beginn des Zweiten Weltkrieges bei 
der Einfiihrung des Fernschreibers sehr wenig 
Fortschritte erzielt wurden. Zu diesem Zeitpunkt 
ergab sich eine Wendung in Richtung auf den 
Fernschreibbetrieb auf Funklinien, hervorgerufen 
durch die Einfiihrung der Kurzwellenverbindungen 
mit héherer Kanalkapazitaét und stark verbesserter 
Signalqualitat im Zusammenhang mit der Ver- 
knappung an gelerntem Bedienungspersonal fiir die 
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Abwicklung des stark anwachsenden Verkehrs und 
dem Vorhandensein von genormten Maschinen, 
sowie von automatischen Schaltgeraten. Zu dieser 
Zeit war von vielen der wichtigsten Verkehrsun- 
ternehmen ein gewisser Grad an Mechanisierung 
angenommen worden und diese Unternehem waren 
nicht bereit eine Mechanisierungsart gegen eine 
andere einzutauschen, es sei denn, dass damit 
gréssere Vorteile verbunden waren, wie die auto- 
matische Erfassung und Korrektur von Fehlern. 

Die Verbesserung der Verbindungen ging langsam 
vonstatten. Bei den ersten transatlantischen Lang- 
wellenverbindungen wurde im Jahre 1919 eine von 
dem Bedienungspersonal selbst vorgeschlagene 
Wiederholung unleserlicher Zeichen eingefiihrt. Im 
Jahre 1924 wurde dies durch verschiedene Arten 
von Mehrfachempfang erganzt. Fast zur gleichen 
Zeit benutzten die Franzosen eine synchronisierte 
s-Schritt Telegraphieiibertragung iiber drahtlose 
Verbindungen und Verdan schlug eine Methode vor, 
bei der jedes Zeichen nach einem Zwischenraum 
erneut gesendet wurde. Am Empfangsende wurden 
die beiden Sendungen verglichen und nur solche 
Zeichenschritte, die in beiden vorkamen, wurden 
als echt betrachtet. Dadurch wurden weitgehend 
zusatzliche Zeichen (durch atmosphirische Sté- 
rungen) ausgeschaltet, jedoch nicht das Fehlen von 
Zeichen (durch Schwund) vermieden. 

Spater, im Jahre 1936, fiihrte die Cable & Wireless 
ein System ein, welches als Doppelfrequenz- 
Umtastverfahren bekannt ist und bei dem zusdtz- 
liche und fehlende Signale Fehler mit dem gleichen 
Vorzeichen erzeugten. Dadurch konnte das Verdan- 
System beide Fehlerarten gleichzeitig erfassen. 

Im Jahre 1932 richtete die RCA eine 5-Schritt 
Fernschreibverbindung zwischen San Franzisco und 
Honolulu ein. Dies fiihrte J. M. Moore im Jahre 
1934 wahrend der Arbeit an einem Empfangssystem 
zu einem neuen Vorschlag fiir ein 7- oder 8-Schritt 
Kode mit konstantem Zeichenverhltnis. Viel spater 
sagte er: ‘Da wir das drahtlose System nicht gut 
genug fiir einen 5-Schritt-Kode machen konnten, 
kam mir der Gedanke ein Fernschreibsystem zu 
schaffen, welches iiber die damals uns zur 
Verfiigung stehenden Kurzwellenverbindungen 
betrieben werden konnte.’ 

Etwas friiher, im Jahre 1933, schlugen Bakker und 
Van Duuren von der niederlandischen Post- und 
Telegraphenverwaltung im Zusammenhang mit 
einem Doppeltonsystem, welches die Erkennung 
von verzerrten Zeichen gestattete, ein System fiir 
die automatische Wiederholung von fehlerhaften 
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Zeichen vor. Auf diesen beiden grundlegenden 
Erfindungen basiert das heutige automatische Tele- 
graphiesystem. 

Im Jahre 1938 beschrieb Van Duuren ein System, 
welches die automatische Anforderung von 
Fehlerwiederholungen (ARQ) mit einem der 
Fehlererfassung dienenden Kode mit konstantem 
Zeichenverhaltnis verbindet. Der wiinschenswerte, 
wenn nicht wesentliche Vorzug fiir die Benutzung 
der genormten 5-Schritt Telegraphiegerate war 
offensichtlich und er schlug zunachst einen 5- 
Schritt-Kode vor, der die automatische Umwandlung 
vom 7-Schritt zum 45-Schritt-Kode erméglichen 
sollte. 

Im Jahre 1947 wurde das Van Duuren-System im 
kommerziellen Verkehr zwischen Amsterdam, New 
York und Bern benutzt. Dieses System wurde bei 
der Warschauer C.C.I.R-Konferenz im Jahre 1956 als 
empfohlenes System angenommen und damit kann 
mit gutem Gewissen gesagt werden, dass auf 
drahtlosen Telegraphieverbindungen entstehende 
Fehler vollstandig beherrscht werden. 


SEITE 24 
TRAGEKONSTRUKTIONEN FUR ANTENNEN 
Von, P. J. Ward 


Die Entscheidung, ob ein Mast oder ein Turm als 
Tragekonstruktion verwendet werden soll, ist 
normalerweise klar. Es kénnen jedoch Falle ein 
treten, bei denen man vor die Wahi gestellt ist 
Dieser Aufsatz gibt einen kurzen Uberlick iiber 
die Konstruktionsgrundsatze fiir beide Arten von 
Tragekonstruktionen. Im allgemeinen ist ein Mast 
billiger als ein Turm, aber die Unterhaltungskosten 
sind héher, Fiir einen Mast, der an sich fiir die 
Kopflast in Form von Hochfrequenzantennen 
widerstandsfahiger ist, benétigt man mehr Land, 
aber Masten haben nicht die Torsionsfestigkeit (und 
deshalb Richtungsstabilitat) eines Turmes. 

Die Gestehungskosten hangen sehr von der 
verlangten Starke ab. Fernmeldeingenieure schen- 
ken diesen Punkt oft nicht geniigend Beachtung, 
wenn sie die Krafte vorschreiben, denen die An- 
tennenkonstruktion gewachsen sein soll. Die Kos- 
ten fiir die Antennentragekonstruktion kénnen 
einen grossen Teil der Gesamtkosten fiir eine 
vollstandige Analge ausmachen. Aus diesem Grunde 
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ist eine friihe Zusammenarbeit mit dem Konstruk- 
teur fiir den Mast oder Turm stets ratsam. 

Die Hauptbelastung ist dem Winddruck auf die 
Konstruktion zuzuschreiben. Die Windstarke steigt 
mit zunehmender Héhe an und ist selten konstant. 
Windstésse formieren sich schnell genug, um mit 
voller Kraft auf die Tragekonstruktion einzuwirken, 
aber nicht schnell genug, um eine Stosslast 
hervorzurufen. Obwohl Windgeschwindigkeiten bis 
zu 300km/Std. gemessen worden sind, kénnen 90 
bis 180km/Std. je nach Ort und Klima als ver- 
niinftige obere Grenze auf jedem Teil der Erde 
angenommen werden. Uber dieser Grenze liegenden 
Ausnahmebedingungen liegen innerhalb des bei der 
Konstruktion einkalkulierten Sicherheitsfaktors. 

Der Winddruck wird von Newton’s Theory der 
Fliissigkeiten abgeleitet. Dies wird im Abschnitt 3-2 
erklart. Dieser Druck wird auf eine durch den 
Mast oder Turm gegebene effektive Flache aus- 
geiibt. Diese Flache kann als Vielfaches einer Stirn- 
flache betrachtet werden, wobei die anderen Seiten- 
teile vernachlassigt werden. Die zu benutzenden 
Faktoren sind in Tabelle I aufgefiihrt. 

Die Wirkung von Eis auf die Tragekonstruktion 
wird nicht so sehr durch das tatsachliche Gewicht 
hervorgerufen als vielmehr durch den erhdhten 
Winddruck auf die durch Eis vergrésserte Flache 
fiir den Wind. Da die starkste Eisbildung selten mit 
maximalen Windgeschwindigkeiten zusammenfallt, 
plant man gewoéhnlich fiir maximale Windge- 
schwindigkeit bei geringer Eisbildung als dusserste 
Bedingung. 

Der Entwurf von Tiirmen und Masten ist ziem- 
lich einfach und folgt den bekannten Konstruktions- 
prinzipien. Da die meisten Teile eines Turmes je 
nach Windrichtung sowohl auf Zug als auf Druck 
beansprucht werden, baut man diese Teile als 
Versteifungen. Ihre Tragfahigkeit wird mit zuneh- 
mender Lange geringer und als diesem Grunde 
werden sie mit zusatzlichen Teilen verstrebt, die 
keine in die Rechnung eingehende Belastung tragen. 
Mit zunehmender Grésse wird das Muster der 
Verstrebungen verwirrter, obwohl die Hauptkon- 
struktion einfach bleibt. Dies ist aus Fig.1 ersicht- 
lich. Das Grundflachen/Héhen-VerhAltnis hangt von 
der Héhe und der Belastung ab und liegt zwischen 
1:15 bei geraden Seiten fiir kleine, leicht belastete 
Tiirme und 1:5 bei sich mit der Hdhe rasch 
veranderndem Neigungswinkel fiir die schwersten 
und héchsten Tiirme (siehe Fig.2). 

Obwohl Masten einfacher aussehen, ist ihre Kon- 
struktion doch komplizierter, da sie von Pardunen 
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gehalten werden, welche elastisch sind und welche 
bei Belastung durch den Wind sowie durch ihr 
eigenes Gewicht in einer Kettenlinie durchhangen. 
Aus diesem Grunde muss ein Mast unter den ver- 
schiedensten Bedingungen stets in  sicherem 
Gleichgewicht gehalten werden. Zur Reduzierung 
der durch verschiedene Wirkungen einer grossen 
Flachenantenne hervorgerufenen Zugspannungen 
wird der obere Teil des Mastes haufig mittels einer 
beweglichen Verbindung an dem unteren Teil 
befestigt. 

Die Richtungsaénderungen kénnen auf héchstens 
1° in Héhen von som und 2° in Héhen von 80m 
beschrankt werden, indem die Pardunen zum Kopf 
des Mastes geteilt und an den dusseren Enden einer 
Querstrebe befestigt werden. Wenn geringere Rich- 
tungsanderungen verlangt werden, dann miissen 
Tiirme benutzt werden. 

Masten und Tiirme werden aus weichem Stahl 
hergestellt, ahnlich dem bei anderen Bauarbeiten 
benutzten Stahl. Die der Rechnung zugrunde lie- 
genden Zugspannungen werden im Abschnitt 6 
behandelt. Bei der Herstellung werden die Abmes- 
sungen mit Toleranzen von weniger als +o-5mm 
eingehalten und haufig wird ein versuchsweiser 
Zusammenbau zur Priifung der Genauigkeit ange- 
wendet. Die Pardunen werden aus Stahl héherer 
Zugfestigkeit hergestellt, um auf kleinem Raum die 
grésstméglichste Tragfahigkeit unterzubringen. Die 
Seile werden bei ihrer Herstellung mit ungefahr 
einem Drittel der Zerreiss‘Spannung belastet, um 
soweit wie médglich nichtelastische Dehnungen 
auszuschalten. 

Die Fundamente fiir einen Mast oder Turm 
bilden einen wichtigen Teil der gesamten Konstruk- 
tion Vor allem in unzugianglichen Gebieten und 
bei schlechten klimatischen Bedingungen kénnen 
sie sehr teuer sein und miissen sorgsam geplant 
werden. Der Druck wird durch Gegendruck 
zwischen der Grundflache des Fundamentes und 
der Erde aufgenommen und die Anhebungskrafte 
nimmt das dariiberliegende Erdreich auf. Ein aus- 
gefiihrtes Beispiel in Abschnitt 8 zeigt die Art und 
Weise, in welcher ein Fundament auf der Basis 
einer sicheren Bodenpressung von 1 Tonne pro 
Quadratfuss (1o000okg/m*) berechnet wird. Die 
Tabelle II enthalt Angaben iiber die sichere Boden- 
pressung fiir die meisten haufig anzutreffenden 
Aufstellungsorte. Wahrend der Fundamentherstel- 
lung werden die Winkeleisenstiimpfe (fiir Héhen 
bis zu som) oder die Fundamentholzen (mit 
veranderlicher Héheneinstellung und fiir Héhen 
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iiber 50m) mittels Schablone oder Vermessungs- 
instrumenten ausgerichtet. Mastfundamente werden 
nicht auf Anhebung beansprucht. Die Pardune- 
nanker sind jedoch einem starken seitlichen Zug 
ausgesetzt. Die Masten werden so konstruiert, dass 
der Winkel fiir alle umliegenden Pardunen gleich 
gross ist. Bei geneigtem Gelande werden sie zu 
diesem: Zweck je nach Lage verkiirzt oder ver- 
langert. Da bei der Berechnung gleiche Langen 
angenommen werden, darf die Neigung des 
Gelandes nicht grésser als 1:25 sein, es sei denn, 
dass der Mast fiir die Bedingungen besonders kon- 
struiert ist. 

Die Aufstellung von Masten und Tiirmen unter- 
scheidet sich von anderen Bauarbeiten nur dadurch, 
dass kein Geriist verwendet wird. Die Einzelteile 
sind fiir einfache Verschraubung_ eingerichtet, 
sodass sie in stark der Witterung ausgesetzten 
Stellen leicht zusammenzubauen sind. Bei der Auf- 
stellung von Masten ist es besonders wichtig, dass 
die Spannung der Pardunen wdhrend des Baues und 
am fertigen Mast richtig eingestellt ist, da die 
gesamte Konstruktion darauf beruht, dass wahrend 
der ganzen Lebensdauer des Mastes eine richtige 
Spannung vorhanden ist (siehe Fig.s). 

Um eine befriedigende Lebensdauer zu erhalten, 
ist ein angemessener Witterungsschutz von 
besonderer Wichtigkeit. Heisse Tauchgalvanisierung 
ist zweifellos der beste Schutz. Bei méglicher Kor- 
rosion in feuchtem und regnerischem Wetter muss 
die Konstruktion angestrichen werden, bevor der 
Zinkfilm abgenutzt ist. Bei Masten erfordert die 
Priifung der richtigen Pardunenspannung die grésste 
Aufmerksamkeit. Diese Priifung erfolgt nach dem 
ersten, zweiten und vierten Jahr nach der Aufstel- 
lung und spater alle drei Jahre. Es ist von besonderer 
Wichtigkeit, dass diese Arbeit bei Windge- 
schwindigkeiten von weniger als 20km/Std ausge- 
fiihrt wird. 


SEITE 12 


WANDERWELLENROHREN FOR 
RICHTFUNK ANLAGEN 


Von R. B. Coulson 


Die Wanderwellenréhre ist ein durch eine prinzi- 
pielle grosse Bandbreite und hohe Verstirkung 
charakterisierter Mikrowellen-Verstarker und wurde 
wiahrend des Zweiten Weltkrieges von Kompfner in 
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England erfunden. Die Entwicklung erfolgte lang- 
sam, da das hauptsachliche Anwendungsgebiet bei 
zivilen Anlagen fiir Vielkanal-Telephonie oder 
Fernsehsignale liegt. 

Grundsatzlich enthalt eine Wanderwellenréhre 
zwei elektrische Kreise, einen Wellenleiter mit 
reduzierter Phasengeschwindigkeit und _ einen 
Elektronenstrahl, der entlang der Mitte des Wellen- 
leiters geschickt wird. Eine eindrahtige Wendel, die 
urspriingliche Form des Wellenleiters, wird heute 
noch benutzt. Das Eingangssignal wird in das 
kathodenseitige Ende der Wendel gespeist und 
pflanzt sich mit geringen ohmischen Verlusten auf 
der Wendel fort (siehe Figur 1). Dabei wird der 
Elektronenstrahl moduliert, dessen Geschwindigkeit 
gleich der Phasengeschwindigkeit auf dem Wendel- 
leiter gemacht wird. Die Elektronen werden 
periodisch verdichtet, Energie wird auf die Wendel 
zuriick iibertragen und diese Energie wird mit einen 
héheren Leistungspegel dem Ausgang zugefiihrt. 
Eingangs- und Ausgangs-signale werden normaler- 
weise durch Hohlrohrleiter eingespeist bezw. 
abgefiihrt. 

Die drei wichtigsten Eigenschaften der Wander- 
wellenréhre sind hohe Verstarkung von Mikro- 
wellen, grosse Bandbreite des Verstarkungs- 
bereichs und die prinzipielle Einfachheit und 
Robustheit des Gerates. Theoretisch ist die Ver- 
starkung unbegrenzt und ist, in dB ausgedriickt, der 
Wendellange proportional. Die wiinschenswerte 
Lange wird jedoch in der Praxis durch andere 
Faktoren begrenzt. 

Mikrowellenanlagen (Richtfunkanlagen)  ent- 
halten Verstarker in Abstanden von ungefahr sokm. 
Diese Verstarker miissen ungefahr 90dB Ver- 
starkung mit einer zusatzlichen Schwundreserve 
von 30dB aufbringen. Eine einzige Réhre geniigt 
allerdings nicht, da es bisher nicht gelungen ist, 
eine Réhre hoher Ausgangleistung mit einem 
geringen Rauschfaktor zu bauen. Weiterhin muss 
der Gewinn in der Eingangsréhre beschrankt 
bleiben, um eine Sattigung zu vermeiden. In der 
Praxis werden mindestens drei Réhren bendtigt, 
der Rauschfaktor muss unter 10dB bleiben und die 
Ausgangsleistung soll je nach Frequenz 3-15 Watt 
betragen. 

Die Verstarkung in der Wanderwellenréhre ist 
weitgehend von der Frequenz unabhangig. Im 
allgemeinen stellen die Anpassungsbedingungen der 
Eingangs- und Ausgangsschaltungen iiber das 
Frequenzband einschrankende Faktoren dar. Bei 
einem erlaubten Welligkeitsfaktor von 1,5:1 kann 
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die Bandbreite 10 bis 15% der mittleren Frequenz 
betragen. Bei einem Welligkeitsfaktor von 1,1:1 
(bei Anwendung in Vielkanalsystemen) ist eine 
Bandbreite von 1-2% mehr realistisch. 

Die Vorteile eines Mikrowellenverstarkers mit nur 
drei Verstarkerstufen werden nicht unbeachtet ge- 
blieben sein, da dieser wahrscheinlich einen hohen 
Grad an Zuverlassigkeit ergibt. Weiterhin geniigt 
ein einziger Oszillator mit einer Frequenz von 
ungefahr 200 MHz zur Frequenzversetzung. Dadurch 
wird die Zuverlassigkeit weiter erhéht. Der Vorteil, 
der sich bei der Benutzung von Wanderwellen- 
rohren ergibt, ist nicht allein auf Verstarker 
beschrankt, da die hohe Leistungsverstarkung in 
Ausgangsréhren die Konstruktion der Mischstufe 
wegen des bendtigten geringen Pegels vereinfacht, 
wahrend rauscharme R6hren einen etwas, aber 
nicht bedeutend, geringeren Rauschfaktor haben 
als bekannte Mischkristalle. 

Bei der Annahme, dass in einem gegebenen 
Zeitraum die Ausfallwahrscheinlichkeit eines ein- 
zelnen Elementes P sei, ist die Wahrscheinlichkeit 
bei einer Einheit mit N Elementen gleich PN. 
Nehmen wir an, P sei 0,7 fiir 10000 Stunden sowohl 
bei Wanderwellenréhren als auch bei Trioden, dann 
ist im Falle eines Verstarkers, der nur Wander- 
wellenréhren enthalt, P=o,73=0,343, wahrend bei 
einen Triodenverstarker P=o,7" (angenommen) = 
0,02824. Wanderwellenréhren haben wahrschein- 
lich, wenn nicht bestimmt, eine etwas gréssere 
Lebensdauer als Mikrowellentrioden und etwa die 
gleiche wie Réhren fiir niedrigere Frequenzen, weil 
ihre grossen Abmessungen die Benutzung aus- 
reichender Elektrodenabmessungen und verniinf- 
tiger Herstellungstoleranzen erlauben. Ein Aus- 
tausch wird durch die Verwendung maschinen- 
bearbeiteter Auflageflachen an den Réhren und an 
den Gehdusen (siehe Fig.s) vereinfacht. Da die 
Strom- und Spannungseinstellungen nicht kritisch 
sind, brauchen bei einem Austausch nur die Ein- 
stellungen der Anpassungsglieder an den Ein- und 
Ausgangen justiert zu werden. Das Pflegepersonal 
wird mit den Erfordernissen schnell vertraut und 
letztere sind daher kein Problem. 

Anlagen werden jetzt in Grossbritannien, Jugo- 
slawien, Italien, Portugal, Norwegen, Schweden und 
Australien gebaut und es kann mit gutem Gewissen 
gesagt werden, dass Mikrowellenanlagen mit 
Wanderwellenréhren heutzutage den Punkt erreicht 
haben, an dem man sie als ansprechende und 
dusserst zuverlassige Alternative gegeniiber anderen 
Gerdtetypen betrachten kann. 














POINT TO POINT TELECOMMUNICATIONS 


Presentamos este sumario de los articulos publica- 
dos en este nimero, redactado en castellano es- 
pecialmente para nuestros lectores de _ habla 
castellana. 


PAGINA 4 
1OS ERRORES EN RADIOTELEGRAFIA 


por J. A. Smale 


Hay una tendencia a la presuncién que los errores 
empezaron a manifestarse en la telegrafia con la 
llegada de la radio. Sin embargo, el problema ya 
existfa con las lineas terrestres y los circuitos de 
cables, de manera particular al ir aumentando las 
velocidades de transmisién, lo que condujo a la 
adopcion de varias formas de seleccién y regenera- 
cién de sefiales. Tanto en el caso de la radio como 
del cable, la responsabilidad final por la correccién 
de errores tocaba al operador. La escasez y el costo 
elevado de los operadores idéneos han producido, 
con el pasar de los afos, unas tentativas de 
mecanizar y hacer automatica la transmisién y 
recepcion del trafico telegrafico. 

Los circuitos de radio de antaho usaban exclusiva- 
mente del cédigo Morse como medio de sefialacién. 
La venida en el afio 1922 de un teleimpresor eficaz, 
el ‘teletype’ Morkrum No. 11, did origen a experi- 
mentos en 1923 en el uso de teleimpresores en el 
servicio Londres—Berlin, empleando la estacién 
transmisora de onda larga GLO de Marconi, en 
Ongar. La operacién con teleimpresores requeria 
una relacién sefial-ruido mds elevada de la dis- 
ponible por aquel entonces, y ello llevé a las 
primeras experiencias conocidas al autor con el uso 
de manipulacién con desplazamiento de frecuencia. 
La adopcién internacional en el afio 1926 del 
cédigo de 5 unidades carente de redundancia dié 
origen a errores imposibles de detectar en los 
circuitos de radio, y tuvo tan poca aceptacién que 
hubo poco progreso en la adopcién de tele- 
impresores hasta el inicio de la segunda guerra 
mundial. Por entonces, la venida de las comunica- 
ciones en onda corta, con mayor capacidad y una 
calidad de sefial muy mejorada, junto con la falta 
de operadores habilitados capaces de manejar el 
gran aumento de trafico y la existencia de 
maquinas ‘standard’ y equipos conmutadores auto- 
maticos, llevaron a una enorme demanda de opera- 
cién de teleimpresores en circuitos de radio. Ello 
no obstante, en ésta época un cierto grado de 


FEBRUARY 1960 49 


mecanizacién ya habfa sido adoptado por muchas 
de las mayores empresas de comunicaciones, las 
que no estaban dispuestas a substitufr una forma 
de mecanizacién por otra a menos que se les 
ofrecieran ventajas ponderables al mismo tiempo, 
siendo éstas la deteccién y correccién automatica 
de los errores. 

Se habia llegado lentamente a mejoras en la 
calidad de los circuitos; en los primeros circuitos 
trasatlanticos de onda larga la repeticién de los 
caracteres ilegibles, inspirada por el operador, fué 
establecida en el ao 1919; en 1924 se agregaron a 
esto varias formas de recepcién diversificada. Por 
la misma é€poca, los franceses estaban empleando 
transmisi6n telegrafica sincronizada de 5 unidades 
en circuitos de radio, y Verdan propuso un método 
seguin el cual se retransmitia cada caracter pasado 
cierto intervalo. A su recepcién se comparaban las 
dos transmisiones, considerdndose sdédlo a aquellas 
senales de ‘marca’ que se encontraban presentes en 
ambas. Esto elimin6éd mayormente los ‘agregados’ 
(debidos a fenédmenos atmosféricos) pero no los 
‘faltantes’ (debidos al desvanecimiento). Mas tarde, 
en 1936, la empresa Cable & Wireless introdujo un 
sistema conocido por ‘Double Frequency Keying’ 
(Manipulacién por doble frecuencia), con el cual 
los ‘agregados’ y los ‘faltantes’ producfan fallas 
del mismo signo, lo que permitié al sistema Verdan 
el tratamiento simult4neo de ambos tipos de falla. 

En 1932 la R.C.A estableciéd un circuito tele- 
impresor de 5 unidades entre San Francisco y 
Honolulu. Esto did motivo a la propuesta hecha en 
1934 por J. M. Moore, ocupado entonces en sistemas 
de recepcién, en favor de un cédigo de ‘relacién 
constante’ de 7 6 8 unidades. Como dijo él mismo 
mucho mas tarde: ‘Ya que parecia sernos im- 
posible hacer el sistema de radio lo suficientemente 
bueno como para trabajar con el cdéddigo de 5 
unidades, se me ocurrié que lo que se debfa hacer 
era un sistema teleimpresor que pudiera operarse en 
los circuitos de onda corta de que disponfamos en 
aquel entonces’. 

Algo antes de ésto, en 1933, Bakker y Van Duuren 
de los CC. y TT. de Holanda habfan propuesto, en 
unién a un sistema de sefialacién a dos tonos que 
permitfa reconocer los caracteres mutilados, un 
sistema para la repeticiédn automatica de los carac- 
teres erréneos. Sobre estas dos invenciones funda- 
mentales se basan los actuales sistemas telegrdficos 
automaiticos. 

En 1938 Van Duuren delineéd un sistema que 
combinaba el pedido automatico de repeticién de 
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errores (ARQ) con un codigo detector de errores de 
relacion constante. La deseable si bién no esencial 
caracteristica del empleo de equipos telegrdficos 
‘standard’ de 5 unidades era evidente, y el 
nombrado propuso en un primer momento un 
cédigo de 7 unidades proyectado para facilitar la 
conversién automatica de cédigos de 7 unidades/5 
unidades. 

Ya en 1947 el sistema Van Duuren estaba en 
operaci6n comercial entre Amsterdam, Nueva York 
y Berna. Este sistema fué aceptado como el sistema 
recomendado en la Conferencia C.C.I.R de Varsavia 
en 1956, y por ello puede decirse justamente que los 
errores que se manifiestan en el trdfico radiotele- 
grafico estan hoy en dfa bajo un control completo. 


PAGINA 24 
ESTRUCTURAS PARA SOPORTE DE ANTENAS 
por P. J. Ward 


La eleccién entre un mastil o una torre como 
estructura para soporte de antena es obvia general- 
mente, pero en ciertas ocasiones existe tal posibili- 
dad de elegir. Este artfculo pasa revista sucinta de 
las consideraciones fundamentales en el proyecto 
de ambos tipos de estructura. Generalmente un 
mastil tendrd un costo inicial menor que el de una 
torre, pero los gastos para su conservacién serdn 
mas elevados. Se requiere mas terreno para un 
mastil, el que resiste mas facilmente la carga en su 
cima constitufda por las antenas de AF, pero un 
mastil no posee la estabilidad torsional (y por 
ende direccional) de una torre. 

El costo varfa mucho de acuerdo a la resistencia 
deseada, y los ingenieros de comunicaciones no 
siempre dan suficiente importancia a la necesidad 
de especificar los esfuerzos que deberdn soportar 
las estructuras de las antenas. El costo de las 
estructuras de soporte de antena puede representar 
una gran parte del costo total del sistema, y siempre 
vale la pena la colaboracién desde un principio con 
los proyectistas del mastil o la torre. 

La carga principal se debe al viento que incide 
sobre la estructura. E] viento aumenta con la altura, 
y raramente sopla uniformemente. Las rdfagas se 
constituyen con suficiente velocidad como para 
ejercer su fuerza total sobre la estructura, pero sin 
la velocidad suficiente para causar cargas de im- 
pacto. Aunque se han registrado muy altas veloci- 
dades de viento, alcanzando hasta 3o0oKm/h, un 


proyecto mas razonable serfa para mdximas de 
entre 90 y 180Km/h, segiin el sitio y las condiciones 
climaticas, y se considera que este rango es 
adecuado para cualquier parte del mundo. Las con- 
diciones anormales en exceso de estos limites 
estardn cubiertas por el factor de seguridad in- 
herente al disefio del mastil. 

La presién ejercida por el viento deriva de la 
Teoria Newton para flufdos, y se cita en la Seccién 
3.2. Esta presién es ejercida en la 4rea efectiva que 
e! mastil o la torre presentan al viento. Ella puede 
expresarse como miultiplo de la 4rea de una cara, 
despreci4ndose las otras partes laterales. Los 
multiplicadores a emplearse se hallan en la Tabla 1. 

El efecto del hielo en una estructura se debe no 
tanto al peso real del hielo, sino mas bién a la 
mayor presién ejercida por el viento en la drea 
agrandada por el hielo que se le presenta. Puesto 
que la maxima formacién de hielo raramente 
coexiste con la maxima velocidad del viento, lo 
general es proyectar para maxima velocidad de 
viento con poca formacién de hielo como la con- 
dicién mas ardua. 

El disefio de torres y mastiles es bastante sencillo 
y sigue bien establecidas normas de disefio. Dado 
que la mayoria de los miembros de una torre 
actan tanto en tensién como en compresién, 
segtn la direccién del viento, se los proyecta como 
puntales. Puesto que la capacidad para soportar 
cargas decrece con el largo, se los soporta con 
miembros adicionales, los que no aguantan carga 
calculable alguna. Al ir aumentando el tamafio v4 
haciéndose mas complejo el modelo de_ los 
miembros de soporte, aunque la estructura prin- 
cipal permanece sencilla. Ello se ilustra en la Fig.r. 
La relacién de envergadura depende de la altura y 
la carga, y puede variar entre 1:15 con laterales 
rectos en torres pequefias, para cargas livianas, y 
1:5, con inclinaciédn que varia rdpidamente con 
la altura, en las torres mas pesades y elevadas (ver 
Fig.2). 

Aunque aparenta mayor sencillez, el disefo de 
un mastil es mas complicado, debido a que es 
soportado por tirantes que son eldsticos y que se 
deforman en curva catenaria bajo carga del viento 
y de su propio peso. Es por ello que el mAstil debe 
mantenerse en equilibrio seguro bajo condiciones 
muy diversas. Para facilitar los esfuerzos introdu- 
cidos por los efectos variables de una sistema 
grande de cortina, la seccién superior del mAstil 
frecuentemente v4 conectada a la parte inferior por 
medio de una unién articulada. 
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Las deflecciones direccionales hasta un maximo 
de 1° a alturas de 50 m y de 2° a alturas de 80 m 
pueden conseguirse mediante la ‘divisidn’ de los 
tirantes que van al cabezal del mastil, ligando a 
cada uno a los extremos opuestos de una seccién 
sobresaliente. Cuando se necesiten deflecciones 
menores de las citadas, debran emplearse torres. 

Los mAstiles y las torres se construyen con acero 
al carbono similar al empleado en otras obras de 
construccién; los esfuerzos calculados se discuten 
en la Seccién 6. En la fabricacién las dimensiones 
se€ mantienen dentro de una tolerancia mejor que 
+0,5mm, y frecuentemente se recurre al montaje 
de prueba a fin de verificar la precisién. Los tirantes 
se fabrican con acero de mayor resistencia a la 
traccién, a efectos de obtener la mayor resistencia 
posible en el espacio mfnimo, y los cables se cargan 
a aproximadamente 1/3 de su carga de ruptura 
durante su fabricacién con el propdésito de quitar en 
lo posible el ‘alargamiento ineldstico’. 

Los cimientos de un méastil o una torre son parte 
importante de la estructura completa, y pueden 
ser muy costosos, especialmente en terreno inac- 
cesible o en malas condiciones climaticas, por lo 
que deben proyectarse cuidadosamente. El] empuje 
es resistido por la presién de la base del cimiento 
contra el suelo, y el levantamiento lo resiste el 
peso de la tierra que lo cubre, como ilustra la 
Fig.3. Un ejemplo prdctico en la Seccién 8 
demuestra cémo se calcula un cimiento, en base a 
un peso medio de seguridad de 1 tonelada por pié 
cuadrado (10.000Kg/m?). La Tabla II ofrece 
presiones de apoyo de seguridad para la mayoria de 
los casos practicos. Durante la fabricacién de los 
cimientos, los 4ngulos de anclaje (para alturas de 
hasta 50 m) 6 los bulones de cimiento (que per- 
miten ajuste vertical, y se usan para alturas de mas 
de 50 m), son fijados mediante modelos o instru- 
mentos de agrimensor. !.os cimientos de mAstiles no 
deben resistir el levantamiento, pero los anclajes a 
tirante deben ofrecer bastante resistencia al empuje 
lateral. Los mdstiles se proyectan con dngulos de 
tirantes iguales en todos sus lados, y donde se hace 
uso de un terreno inclinado, se los acorta 6 alarga 
para conseguir esta finalidad. Puesto que se presume 
un largo igual en el disefio, el campo de abarque del 
sitio debe limitarse a 1:25 como maximo, a menos 
que el mastil haya sido especialmente proyectado 
para las condiciones imperantes. 

El montaje de mastiles y torres difiere de otras 
obras de construccién tnicamente porque no se 
usan andamios. Los miembros individuales se 


disponen de modo de poderlos unir con bulones de 
manera sencilla, haciendo facil su montaje en sitios 
a la intemperie. En el montaje de mastiles es de 
suma importancia el dar tensiédn a los tirantes 
durante el montaje y su ajuste de tensiones al 
completarse el mastil, puesto que todo el proyecto 
se basa en un tensionado correcto durante toda la 
vida del mastil (ver Fig.s5). 

Para asegurarse una duracién satisfactoria es 
esencial una correcta preservacién de la estructura. 
La galvanizacién por bafio caliente es indudable- 
mente el mejor preservativo, pero cuando existe la 
posibilidad de corrosién por climas himedos o 
lluviosos, deberd pintarse la estructura antes que se 
desgaste la pelicula de cinc. Con mastiles, el factor 
que mds atencién requiere regularmente es la verifi- 
cacién de las tensiones de los tirantes. Ella debe 
realizarse el primero, segundo y cuarto afio 
siguientes al montaje, prosiguiendo cado tres afios. 
Es importante llevar a cabo esta tarea cuando la 
velocidad del viento es menor de 20Km/h. 


PAGINA 12 


VALVULAS DE ONDA CIRCULANTE PARA 
REDES DE COMUNICACIONES A MICRO-ONDAS 


por R. B. Coulson 


La valvula de onda circulante, que es un 
amplificador de micro-ondas caracterizado por su 
amplio ancho de banda y elevada ganancias 
inherentes, fué inventada en Inglaterra por 
Kompfner durante la segunda guerra mundial. Su 
desarrollo ha sido lento, dado que su aplicacién 
primaria es en sistemas civiles portadores de 
sefiales telefénicas multi-canales 6 de televisién. 
Bdsicamente, una vdalvula de onda circulante 
comprende dos circuitos eléctricos, un tramo de 
gufa de onda de baja velocidad de fase, y un haz 
electrénico que circula por el centro de la gufa de 
onda. La forma original de la gufa de onda, una 
hélice de un alambre sdlo, sigue usdndose. La 
entrada se acopla al extremo de catodo de la 
hélice y se propaga con sélo pequefias pérdidas 
6hmicas a lo largo de la hélice (ver Fig.1), 
modulando al haz electrénico, cuya velocidad se 
iguala a la velocidad de fase a lo largo de la hélice. 
Tiene lugar un agrupamiento de electrones y la 
energfa vuelve a transferirse a la hélice, entregdn- 
dose a un nivel mayor en la salida. Las sefiales de 
entrada y de salida normalmente se suministran 
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mediante guia de onda, y la Fig.3 ilustra un montaje 
tipico de esta naturaleza. 

Las tres caracteristicas mds importantes de la 
valvula de onda circulante son la alta ganancia que 
puede obtenerse a frecuencias micro-onda, el 
amplio ancho de banda sobre el cual se mantiene la 
ganancia y la simplicidad y robustez inherentes al 
dispositivo. En teorfa no tiene limite la ganancia 
que en dB, es proporcional al largo de la hélice. En 
la prdctica, otros factores limitan el largo deseable. 

Los sistemas a micro-onda requiren repetidores a 
intervalos de unos 50Km, los que deben ofrecer una 
amplificacién de aproximadamente 90dB, con alin 
un margen de 30dB para desvanecimiento. Una 
sdla vdlvula de onda circulante no puede emplearse, 
sin embargo, dado que por ahora no es posible 
proyectar una vdlvula de alta potencia con un 
factor de ruido bajo. Ademas de ello, la ganancia de 
la vAlvula de entrada debe limitarse a fin de evitar la 
saturacién. En la prdctica es necesario emplear un 
minimo de 3 valvulas, las que ofrecen un factor 
ruido de menos de 10dB y una salida de 3— 15 watts, 
segun la frecuencia. 

La vdlvula de onda circulante amplifica casi 
independientemente de la frecuencia. Los factores 
limitadores son generalmente el equilibrio sobre la 
banda de los dispositivos de acople de entrada y de 
salida. Cuando es permisible una relacién de 1,5:1 
de la onda estacionaria de la valvula, el ancho de 
banda puede llegar a ser hasta 1o—15% de la fre- 
cuencia central. Para una relacién de onda 
estacionaria de 1,1:1 (como en las aplicaciones 
multicanales), un ancho de banda de 1—2% se 
acerca mas a la realidad. 

La importancia de un repetidor micro-onda 
compuesto por sdélo 3 etapas amplificadoras no 
habr4 pasado desapercibida, puesto que probable- 
mente ofrecerd un alto grado de seguridad en el 
funcionamiento. Ademds de ésto, el oscilador 
conversor de frecuencia unico funcionar4 a una 
frecuencia de unos 200Mc/s solamente, con las 
consiguientes mejoras en la seguridad de funciona- 


miento. Ello no obstante, las ventajas del empleo 
de valvulas de onda circulante no estan limitadas a 
los repetidores, ya que la elevada ganancia de las 
valvulas de salida simplifica el proyecto de 
mezcladores, como consecuencia de los niveles mas 
bajos involucrados, a la vez que las valvulas de 
reducido nivel de ruido tienen un factor de ruido 
algo mejor, pero significativo, que el de _ los 
mezcladores a cristal convencionales. 

Si consideramos que la probilidad de fallas de un 
sdlo elemento es P al cabo de cierto tiempo, la 
probabilidad para una unidad compuesta de N 
elementos sera PN, Asumiendo que P=o,7 para 
un periodo de 10000 horas tanto para valvulas de 
onda circulante como para triodos, se vera que para 
un repetidor compuesto totalmente de valvulas de 
onda circulante obtenemos P=o,7°, =0,343 
mientras que para un repetidor a triodos P=o,7" 
que es aproximadamente 0,02824. Las valvulas a 
onda circulante probablemente tendrdn una vida 
algo mas larga que la de los triodos micro-onda, y 
de un largo similar al de las valvulas para frecuen- 
cias mas bajas, dado que sus grandes dimensiones 
permiten un tamafio adecuado para los electrodos 
y tolerancias de fabricaci6n mas razonables. Se 
simplifica el reemplazo con la provisién de su- 
perficies de asiento mecanizadas en las valvulas y 
sus montajes (ver Fig.5), y a la vez, puesto que los 
ajustes de corriente y voltaje no son criticos, el 
inico ajuste necesario al efectuar el reemplazo es 
en los dispositivos de acople de entrada y salida. El 
personal de servicio se familiariza r4pidamente con 
el procedimiento, por lo que éste no llega a ser un 
problema. 

En la actualidad se estan realizando instalaciones 
en el Reino Unido, Yugoeslavia, Italia, Portugal, 
Noruega, Suecia y Australia, por lo que puede 
decirse son justicia que los equipos micro-onda 
dotados de valvulas de onda circulante han 
alcanzado un grado de desarrollo tal que pueden 
considerarse alternativa favorable y sumamente 
segura a los demas tipos de equipo. 
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Marconi in the 
Oil Industry 


Complete Telecommunications 
Systems for survey teams, refineries, 
pipeline control and ship-to-shore 
installations, including telephony, 
telegraphy and teleprinter networks. 


MARCONI 


COMPLETE COMMUNICATION SYSTEMS 
SURVEYED - PLANNED « INSTALLED - MAINTAINED 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
M.C.1. 
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BETTER LOW POWER 
COMMUNICATIONS 


EFFICIENT 
* RELIABLE 
* SIMPLE 

* LOW COST 
* ECONOMICAL 

* COMPACT 

* FOOL PROOF 
TROPICALIZED 








14 HS 92 400-500 WATT HF FSK TRANSMITTER 


For high grade circuits over short and medium 
distances. HS 92 can be used for facsimile or 
high speed telegraphy and can be keyed directly 
by a teleprinter or teletypewriter. Absolutely 
simple with completely protected tuning. 
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4@ HSR 21 60 WATT HF SSB CRYSTAL 
CONTROLLED RADIO TELEPHONE 


For short and medium distances. 
The HSR 21 can incorporate a 
switchboard for up to three tele- 
phone extensions. Designed for op- 
eration by non-technical personnel. 





HS 22 
250-350 WATT ISB TRANSMITTER > 


For middle distance telephone 
operation. The HS 22 provides 
two independent telephone chan- 
nels. Absolutely simple with 
completely protected tuning. 


MARCONI 


COMPLETE COMMUNICATIONS SYSTEMS 
SURVEYED * PLANNED * INSTALLED * MAINTAINED 


MARCONI’S WIRELESS TELEGRAPH COMPANY 
LIMITED - CHELMSFORD - ESSEX - ENGLAND 
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BIC Construction 
Company design, supply 
and install all types of Radio 
Masts and Towers for 
Telecommunication Schemes 


anywhere in the World. 


Current work for Marconi’s 


includes projects in Iran and Ecuador. 
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for every type of Telecommunication System 


BRITISH INSULATED GALLENDER’S 


CONSTRUCTION CO. LTD. 
30 LEICESTER SQUARE, LONDON, W.C.2. 


Member of the | BICC | Group 
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TRAVELLING 

WAVE TUBES FOR 

COMMUNICATIONS 
AND RADAR 






Quick delivery is available for our travelling wave tubes, which 
are designed for use in microwave links and radar receivers. 
For links in the frequency bands 1700 to 2300 Mc/s and 3800 
to 4200 Mc's, we are manufacturing power output tubes, low 
noise input tubes and intermediate driver tubes. 


The table below gives brief specifications of some of these 
types as well as low noise tubes for radar receivers. All types 
listed are currently in production and are giving excellent 
results in operational equipment. 


ENGLISH ELECTRIC’ 
































| 
| . : 
| ae Power | Noise | Gain | 
Type Application Frequency band Output | Factor | (db) | 
is (db) ry 
Nroo1 16 W — 25 | 
N1002 Radio Links | 1700 to 2300 Mc/s | 1 mW 9 23 
| Nror3 200 mW 20 a 
| N1031 2mW 8 23 
N1032 Radio Links ]| 3800 to 4200 Mc/s | 250 mW 20 36 
N1033 4W _ 36 
Nro17M 1200 to 1400 Mc/s | 0.3 mW 8 23 | 
a | Radar Input F— 
6861 2700 to 3500 Mc/s | 1 mW 6.5 25 | 

















Type 6861 and those with subscript M are fitted with coaxial connectors 
for which lightweight electromagnets are available. Other types are normally 
used in waveguide installations. 





Za 


Ee ee oa im @ Chelmsford, England 
EVGLISH ELECTRIC VALVE (0. LTD. \ IE Telephone: Chelmsford 3491 


AP 1194 

















VI POINT TO POINT TELECOMMUNICATIONS - FEBRUARY 1960 


MARCONI | AUTOPLEX 


: | Automatic 





Error 




















i ti Detection 
2 and 


Correction 
aby wd I TESTED RQ 
im. 9 ‘oe Each repetition cycle is inspected 


for the RQ signal and if this is 
not recognised the repetition is 
ignored and requested again. 
This prevents reception of false 
information during repetitions. 


AUTO-PHASING 

Automatic phase detection and 
correction to ‘tested RQ’ condi- 
tion on all channels. 
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seven unit code system 


TRAFFIC STORE 

Characters stored in channel 
stores as opposed to common 
store. Capacity two, three or four 
characters selectable, permitting 
operation over long and short 
circuits. 


CONTINUOUS IDLE ALPHA 
and Idle Beta facility for initial 
testing and setting up. 


SYNCHRONISING 

Synchronising by 1% steps exam- 
ining every transition. The circuit 
incorporates an integrator to pre- 
vent spurious operation due to 
multipath. Small synchronising 
steps result in excellent margins. 


For one-way circuits, error indi- 
cation provided as alternative to 
ARQ. 


Two-channel or four- channel 
operation by switch selection. 


Single alpha rejection protects 
against false telex ‘clear’. 


Coder and Decoder all decode/ 
recode type and entirely passive 
networks. 


Liberal test points permit every 
circuit to be examined in traffic 
conditions. 


Frequency Division by counters 
provides 86, 96 and 100 bauds. 


AUTOPLEX » x=w wore ix communications 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
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ECUADOR CHOOSES 
ATE/MARCONI EQUIPMENT 
FOR NATIONAL 
TELECOMMUNICATIONS 
NETWORK 


Efficient and reliabie communications are essential 
and must be provided in the early stages of all large scale 
national development programmes. 
In Ecuador the planners were faced with the problem of 
providing a telephone and telegraph network over a wide 
area, spanning wild and mountainous territory. 
They decided to use multi-channel V.H.F. radio 
equipment to provide the circuits with ‘seven league boots’. 
Well proven Marconi V.H.F. radio and A.T.E. carrier 
channelling equipment will thus once again play its part in helping 
the progress of the peoples of a distant land. 
The equipment links two of the main centres, Quito and Guayaquil 
and a number of smaller towns. Between 
Quito and Guayaquil there are 12 bothway telephone channels. 
The maximum distance between stations is 300 kms. 
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AUTOMATIC TELEPHONE & ELECTRIC CO. LTD. 
STROWGER HOUSE, ARUNDEL STREET, LONDON, W.C.2 


MARCONI’S WIRELESS TELEGRAPH CO. LTD. 


MARCONI HOUSE, CHELMSFORD, ESSEX, ENGLAND 














